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RADIATION PROTECTION CRITERIA AND 
STANDARDS: THEIR BASIS AND USE 


TUESDAY, MAY 24, 1960 


CoNGREss OF THE UNITED STATES, 
SpecIAL SUBCOMMITTEE ON RapDIATION, 
Jotnt ComMITTrEE oN Atomic ENERGY, 
Washington, D.C. 

The subcommittee met, pursuant to notice, at 10 a.m., in room P-63, 
the Capitol, Hon. Chet Holifield (chairman of the subcommittee) 
presiding. 

Present: Representatives Holifield, Price, Van Zandt, Hosmer, and 
Bates; Senators Aiken and Bennett. 

Also present: James T. Ramey, executive director; Carey Brewer 
and George F. Murphy, professional staff members; Richard T. 
Lunger, Hal Hollister, and James E. Turner, technical consultants, 
Joint Committee on Atomic Energy. 

Representative Hotirretp. The committee will be in order. 

Today the Special Subcommittee on Radiation of the Joint Com- 
mittee on Atomic Energy begins hearings on the basis and use of 
radiation protection criteria and standards. 

The subject of radiation has been a continuing concern of the Joint 
Committee on Atomic Energy since the committee was established in 
1946. For more than a decade, members of this committee have par- 
ticipated in and vigorously supported the expansion of nuclear tech- 
nology and the orderly application of this technology to peaceful 
as well as military uses. We have endeavored to insure that the full 
benefits of our nuclear resources will be enjoyed by the American 
people. At the same time, we have made every effort to understand 
and provide safeguards against the hazards posed by the increased 
development and use of these resources. 

The work of the Special Radiation Subcommittee has been con- 
cerned mainly with the problems arising from the peaceful uses of nu- 
clear energy and to some extent from the radiation hazards associated 
with military uses of nuclear energy. 

Related subjects of investigation and study by the Joint Com- 
mittee in the past include the fallout hearings of 1957 and 1959 and 
the 1959 hearings on waste disposal, Federal-State relationships, and 
workmen’s compensation. 

One of the subjects often mentioned but never fully explored in the 
course of these past studies and investigations is that of “Radiation 
Protection Criteria and Standards.” __ 

The hearings beginning today are intended to cover this subject as 
thoroughly as possible, with particular emphasis on the basis and 
use of criteria and standards in radiation protection. Many of the 
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subject fields examined in previous hearings will be considered again, 
but in this case the focus will be on those aspects relating to radia- 
tion protection criteria and standards. 

Much of the material on which these hearings are based is techni- 
cal in nature. Because we believe this subject is of vital concern to 
the public, we have asked our witnesses to present their testimony 
in layman’s language to the fullest extent possible. 

In this connection, I am pleased to note that the witnesses sched- 
uled to appear at these hearings are representative of the finest sci- 
entific and technical talent of our country. They have been carefully 
selected to insure that all sides of every major question at issue will 
be considered and that, the viewpoint of different professional groups 
and disciplines will be expressed. 

To enable the witnesses to cover the entire subject of the hearings in 
the time available, and in an effort to sharpen the focus of the hear- 
ings, the Joint Committee has prepared and distributed to all wit- 
nesses a print of “Selected Materials on Radiation Protection Criteria 
and Standards: Their Basis and Use.”? This print was prepared with 
the assistance of a distinguished panel of experts who also served as 
a steering committee to assist in developing the general scope and 
outline of the hearings. The print contains a wealth of information, 
much of which is published for the first time. 

Attention should be called also to the recent memorandum submitted 
to the President by the Federal Radiation Council entitled “Radiation 
Protection Guidance for Federal Agencies.” (See p. 120.) That 
memorandum, dated May 11, 1960, was approved by the President 
with a notation that it will be published in the Federal Register. 
Since the issuance of the Couneit memorandum, a background staff 
report, designated “Report No. 1” and dated May 13, 1960, has been 
released by the Council (App. 6, p. 623). 

These two documents were not included in the Joint Committee 
print of “Selected Materials,” but we have asked our witnesses to be 
prepared to comment on their contents and meaning in these hear- 
ings. Representatives of the Atomic Energy Commission and the 
Department of Health, Education, and Welfare, and the Chairman of 
the Federal Radiation Council will be asked to discuss the memoran- 
dum and staff report when they appear at later sessions of the hear- 


ings. 

_ say also that our witnesses have been urged to make their oral 
presentations as brief as possible so that sufficient time can be devoted 
to questions directed to the witnesses by the members and staff of the 
committee. More detailed prepared statements will be accepted for 
printing in full in the record of the hearings. 

In general, the hearings are planned to encompass four main topics: 
(1) “The Nature of Radiation Protection Standards” (introductory 
information) ; (2) “Activities of Federal, State, and Private Agencies 
in Radiation Protection and Relationships Among Agencies and 
Groups Concerned With Radiation Standards”; (3) “Concepts Un- 
derlying Radiation Protection Standards” (oelogca social, and 
economic, and concepts of application); and (4) “Organizational, 
Administrative, and Legislative Relationships and Problems.” 


1 Also referred to as the “Preprint’’ by some witnesses. 
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RADIATION PROTECTION 3 


We hope these hearings will serve to clarify some of the confusion 
and misunderstanding by the public, as well as the scientific commu- 
nity, concerning the basis and use of radiation protection standards. 
I believe our print of “Selected Materials” has provided the means 
of a great deal of clarification already. 

It is also hoped that these hearings will help us achieve a better 
understanding of organizational arrangements at the Federal and 
State levels of government through which radiation protection stand- 
ards are developed and applied. 

Much discussion is needed also on the question of relationships be- 
tween various private organizations, such as the National Committee 
on Radiation Protection and Measurements (NCRP) and the Inter- 
national Commission on Radiological Protection (ICRP), and agen- 
cies of the Federal Government having important functions and duties 
in the radiation protection field. 

It is possible that the Joint Committee will want to consider at a 
later date ways in which Federal organization could be changed or 
modified, through legislation if necessary, to permit a more effective 
process for the development and application of radiation protection 
standards for use by Federal agencies and agency contractors. 

The Joint Committee has adopted a rule under which each witness 
will be permitted a maximum of 15 minutes to read his prepared state- 
ment without interruption subject to a few exceptions as to time, and 
one of those exceptions will be your presentation this morning, being 
the opening statement. You are not confined to the 15-minute time 
limitation, Dr. Parker. At the conclusion of each statement the wit- 
ness will be available for questioning by the members and the staff. 

Before we hear our first witness, I would like to place in the record 
the Joint Committee press release, dated May 5, 1960, announcing 
these hearings, together with the outline of topics and schedule of 
witnesses. This also contains the membership of the steering com- 
mittee who helped develop the scope of the hearings and the selection 
of witnesses. 

As in other hearings of this nature we will have a glossary of terms, 
which, I am sure, will be very useful to the layman reading this 
publication. 

(The material referred to follows. The “Glossary of Terms” will 
be found in App. 15, p. 791.) 


{No. 278. From the Office of the Joint Committee on Atomic Energy. For release to 
a.m. papers, May 5, 1960] 


JOINT COMMITTEE ON ATOMIC ENERGY ANNOUNCES HEARINGS ON BASIS AND USE 
OF RADIATION PROTECTION CRITERIA AND STANDARDS 


The Special Radiation Subcommittee of the Joint Committee on Atomic Energy 
will hold public hearings on radiation protection criteria and standards, it was 
announced today by Senator Clinton P. Anderson, chairman of the Joint Com- 
mittee, and Congressman Chet Holifield, chairman of the Special Radiation Sub- 
committee. The hearings are scheduled to begin on May 24, 1960, and to extend 
through the first week in June. 

Congressman Holifield indicated that the main focus of the hearings will be 
to clarify some of the confusion and misunderstanding by the public and the 
scientific community concerning the basis and use of radiation standards. 

“Another purpose of the hearings,” Congressman Holifield stated, “is to achieve 
a better understanding of how the Federal Government and the State govern- 
ments are organized to develop and apply radiation protection standards.” 
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Congressman Holifield pointed out that several hearings conducted by the 
Joint Committee in recent years have considered radiation protection standards 
in connection with various aspects of the atomic energy program, but the con- 
cepts on which the standards are based and the manner in which they are applied 
have never been fully discussed in a public hearing. 

The previous Joint Committee hearings cited by Congressman Holifield were: 
“The Nature of Radioactive Fallout and Its Effects on Man” (1957). 
“Fallout From Nuclear Weapons Tests” (1959). 

“Industrial Radioactive Waste Disposal” (1959). 
“Federal-State Relationships in the Atomic Energy Field” (1959). 
“Employee Radiation Hazards and Workmen’s Compensation” (1959). 

The forthcoming hearings will use the data collected in the earlier hearings 
as a point of departure and will focus more specifically on a discussion of radia- 
tion protection criteria and standards. 

In accordance with past practice, the scope of the hearings and the selection of 
witnesses have been developed with the assistance of a steering committee rep- 
resenting all aspects of this complicated subject. (See attached list of steering 
committee members. ) 

Much of the background information for the hearings has been assembled in 
an advance committee print to which most of the scheduled witnesses and several 
Federal agencies have contributed. This volume, which will be available to the 
public within the next 2 weeks, will be distributed to all witnesses in advance 
of the hearings. It is anticipated that the material contained in the advance 
print will become a subject of extensive comment by the witnesses and question- 
ing by the committee during the hearings. 


ATTACHMENT No. 1 


JoINT COMMITTEE ON ATOMIC ENERGY—HEARINGS ON RADIATION PROTECTION 
CRITERIA AND STANDARDS: THEIR BASIS AND USE 


May 24-June 3, 1960 
OUTLINE OF TOPICS AND SCHEDULE OF WITNESSES 
Tuesday, May 24 


10 a.m. Topic I—‘‘The Nature of Radiation Standards: Introductory In- 
formation.” 
Witnesses.—Dr. H. M. Parker, manager, Hanford Laboratories Operation ; 
Dr. Abel Wolman, head, Department of Sanitary Engineering and Water 
Resources, the Johns Hopkins University; Dr. Walter Selove, Department 
of Physics, University of Pennsylvania. 
2p.m. Topic I (continued). 
Witness.—Mr. Lauriston Taylor, Chief, Radiation Physics Division, Na- 
tional Bureau of Standards. 
Roundtable on topic ]—Dr. Parker; Dr. Wolman; Dr. Selove; Mr. Taylor; 
Mr. James Terrill, Deputy Chief, Division of Radiological Health Services, 
Bureau of Standards; Dr. K. Z. Morgan, Director, Health Physics Division, 
Oak Ridge National Laboratory; Dr. Charles R. Williams, assistant vice 
president, Liberty Mutual Life Insurance Co. 


Wednesday, May 25 


10a.m. Topic IlI—‘Relationships Among Agencies and Groups Concerned With 
Radiation Standards.” 

Witnesses.—Bureau of the Budget designated witness; Federal Radiation 
Council designated witness ; Atomic Energy Commission designated witness; 
Department of Health, Education, and Welfare designated witness; Dr. 
Morris Kleinfeld, New York State Department of Labor; Dr. Williams. 

2p.m. Topic Il (continued). 

Witnesses—Mr. William F. Finan, Assistant General Manager for Regu- 
lations and. Safety, Atomic Energy Commission; Dr. John D. Porterfield, 
Deputy Surgeon General, U.S. Public Health Service; Dr. Francis Weber, 
Chief,.. Division of Radiological Health, U.S. Public Health Service; Mr. 
Albert Abrahams, New York State Department of Labor; Dr. Williams. 
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Thursday, May 26 


10 am. Topic II1I-A—“Biological Concepts Underlying Radiation Protection 
Standards.” 

Witnesses.—Dr. G. Failla, director, Radiological Research Laboratory, 
Columbia University; Dr. James Crow, professor of genetics and zoology, 
University of Wisconsin; Dr. E. B. Lewis, professor of biology, California 
Institute of Technology. 

2p.m. Roundtable on Topic III-A: 

Witnesses.—Dr. Failla; Dr. Crow; Dr. Lewis; Dr. Clinton Powell, U.S. 
Public Health Service; Dr. K. Z. Morgan; Dr. Parker; Dr. Austin Brues, 
Argonne National Laboratory; Dr. J. Schubert, Division of Biological and 
Medical Research, Argonne National Laboratory. 


Tuesday, May 31 


10 a.m. Topic III-B—“Social and Economic Concepts Underlying Radiation 
Protection Standards.” 

Witnesses.—Dr. Russell Morgan, radiologist in chief, the Johns Hopkins 
University ; Mr. W. A. McAdams, manager, industry standards, General Elec- 
tric Co., Schenectady; Atomic Energy Commission designated witness; Dr. 
J. Healy, Hanford Laboratories, G.E., Richland, Wash. 

2p.m. Roundtable on Topic III-B: 

Witnesses.—Dr. Russell Morgan; Mr. McAdams; Atomic Energy Commis- 
sion witness; Dr. Healy; Dr. Francis Weber, Division of Radiological Health, 
U.S. Public Health Service; Dr. Selove; Dr. Williams; Dr. Wolman; Mr. 
Alex Sommerville, Research Laboratory, General Motors Corp., Warren, 
Mich.; Dr. Ralph E. Lapp, nuclear consultaant, Mr. Andrew Biemiller, leg- 
islative representative, AFL-CIO. 


Wednesday, June 1 


10a.m. Topic III-C—‘Concepts of Practical Application.” 

Witnesses.—Dr. Richard Chamberlain, University of Pennsylvania; Mr. 
Duncan Holaday, Chief, Occupational Health Field Station, U.S. Public 
Health Service, Salt Lake City, Utah; Dr. Weber. 

2p.m. Topic ITI-C (continued). 

Witnesses.—Dr. Paul C. Tompkins, Scientific Director, U.S. Naval Radio- 
logical Defense Laboratory; Dr. Forrest Western, Deputy Director, Office 
of Health and Safety, U.S. Atomic Energy Commission. 

Roundtable on topic III-C.—Dr. Chamberlain; Mr. Holaday; Dr. Weber; 
Dr. Tompkins; Dr. Western; Mr. William Harris, Health and Safety Lab- 
oratory, U.S. Atomic Energy Commission; Dr. Schubert; Dr. Healy. 


Thursday, June 2 


10 am. Topic IV—*Organizational, Administrative, and Legislative Rela- 
tionships.” 

Witnesses—Hon. John A. McCone, Chairman, U.S. Atomic Energy Com- 
mission; Hon. Arthur S. Flemming, Secretary, U.S. Department of Health, 
Education, and Welfare; Hon. Frank B. Berry, Assistant Secretary of De- 
fense (Health and Medical) ; Bureau of the Budget representative. 

2p.m. Roundtable on Topic IV: 

Witnesses—Dr. Selove; Mr. Oliver Townsend, coordinator, New York 
State office of atomic energy; Dr. Parker; Prof. David Cavers, associate 
dean, Harvard University Law School; Dr. Williams; Mr. Charles Schwan, 
Council of State Governments. 


Friday, June 3 


10 a.m. Public witnesses. 
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ATTACHMENT No. 2 


JOINT COMMITTEE ON ATOMIC ENERGY—STEERING COMMITTEE ON RADIATION 
PROTECTION CRITERIA AND STANDARDS: THEIR BASIS AND USE 


Dr. Allen V. Astin, Director, National Bureau of Standards, Connecticut Avenue 
and Van Ness Street, Washington, D.C. 

Mr. George E. Brown, Jr., Atomic Industrial Forum, Inc., 3 East 54th Street, 
New York, N.Y. 

Dr. Richard Chamberlain, University of Pennsylvania, Philadelphia, Pa. 

Dr. Charles L. Dunham, Director, Division of Biology and Medicine, U.S. 
Atomic Energy Commission, Washington, D.C. 

Dr. Milton H. Feldman, Defense Atomic Support Agency, U.S. Department of 
Defense, Washington, D.C. 
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Dr. Bentley Glass, Morgenthaler Laboratory for Biology, Johns Hopkins Uni- 
versity, Baltimore, Md. 

Dr. Jack Healy, Hanford Laboratory Operation, GE-Hanford Atomic Products 
Operation, Richland, Wash. 

Mr. Duncan A, Holaday, sanitary engineering director, chief, occupation health 
field station, U.S. Public Health Service, Salt Lake City, Utah. 

Dr. Ralph E. Lapp, 1315 Park Terrace Drive, Alexandria, Va. 

Dr. Edwin P. Laug, Bureau of Biological and Physical Sciences, Food and 
Drug Administration, Department of Health, Education, and Welfare, 
Washington, D.C. 

Mr. Robert Lowenstein, Office of the General Counsel, U.S. Atomic Energy 
Commission, Washington, D.C. 

Mr. W. A. McAdams, General Electric Co., 1 River Road, Schenectady, N.Y. 

Dr. C. R. McCullough, Advisory Committee on Reactor Safeguards, U.S. Atomic 
Energy Commission, Washington, D.C. 

Dr. Russell Morgan, Johns Hopkins University, Baltimore, Md. 

Dr. H. M. Parker, manager, Hanford Laboratory Operation, GE-Hanford 
Atomic Products Operation, Richland, Wash. 

Dr. Clinton C. Powell, National Institutes of Health, Bethesda, Md. 

Mr. Walter Rodger, Argonne National Laboratory, Lemont, Ill. 
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Representative Hoxirrecp. At this time we are pleased to have as 
our first witness Mr. H. M. Parker, who is manager of the Hanford 
Laboratories Operation of the General Electric Co. I may say, Mr. 
Parker contributed an excellent introductory statement to our print 
of “Selected Materials,” and we are delighted to have him begin this 
session of our hearings. 

We will insert your biography in the record as well as the 
biographies of all the witnesses. 
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STATEMENT OF H. M. PARKER,’ MANAGER, HANFORD LABORA- 
TORIES, GENERAL ELECTRIC CO., RICHLAND, WASH. 


Mr, Parxer. Mr. Chairman, may I first express my appreciation 
to you and to the committee for the opportunity to participate in 
these hearin 

I would is to begin by quoting from the most recent British book 
on radiation protection? that by Dr. Ethel Browning, which begins 
with these words: 


It has been truly said that ionizing radiations tell no one of their presence. 
This cannot be said of the great number of experts who have provided an enor- 
mous amount of information on this complex and difficult subject. * * * The 
only justification for adding to the spate of literature is * * * an endeavor to 
reduce the essential facts to proportions which provide to those who need it an 
insight into the most outstanding problems without overburdening their time and 
attention. 


Mr. Chairman, I believe this can well be a challenge to profit from 
these hearings through providing such an insight. 

In the material submitted for the preprint, I began with some re- 
marks on the purpose and nature of standards in general. In sum- 
mary, standards are: 

1. Models for judgment as to whether a given action should be 
taken ; 

2. Communications of the expert to guide those less experi- 
enced; 

3. Crystallizations of past experience utilized to facilitate fu- 
ture actions ; 


4. Means for integrating a whole made up of many parts. 


1Place of birth: Accrington, England. Date of birth. April 13, 1910. Naturalized in 
the State of Washington, 1946. 

Marital status: Married. Number of dependents: 5. 

Education: Manchester University (England); B. Sc., physics, 1930; M. Se., physics, 
1931 ; fellow, Institute of Physics, 1937. 

Assistant professor radiology, University of Washington, 1952 to date ; honorary trustee, 
Northwest Scientific Association (past) ; technical adviser, U.S. delegation, Peaceful Uses 
of Atomic Energy, Geneva, 1955; Janeway lecturer, 1955; qualified in radiological physics 
by the American Board of Radiology. 

Work history: 1932-38, physicist, Holt Radium Institute, Manchester, England; 1938— 
42, physicist, Tumor Institute, Swedish Hospital, Seattle; 1942-43, research associate, 
Metallurgical Laboratories, University of Chicago; 1943-44, section head, health physics, 
Clinton Laboratories, Oak Ridge, Tenn. ; 1944-46, manager, health physics, E. I. du Pont 
Co., Richland, Wash. ; 1946-48, assistant superintendent, medical domrtinent (in charge 
of radiation protection), General Electric Co,, Richland, Wash. ; 1948—51, superintendent, 
health instruments, General Electric Co., Richland, Wash. ; 1951-56, director, radiological 
sciences, General Electric Co., Richland, Wash. ; 1956 to present, manager, Hanford Labo- 
ratories, General Electric Co., Richland, Wash. 

Professional societies: Fellow, Institute of Physics (Great Britain) ; fellow, American 
Physical Society ; fellow, AAAS ; honorary member, Faculty of Radiologists, Great Britain ; 
member, British Institute of Radiology; member, American Radium Society; member, 
Radiological Society of North America ; member, American College of Radiology ; member, 
Radiological Research Society: member, American Nuclear Society: member. Atomic 
a Forum ; member, New York Academy of Sciences; member, Society of Nuclear 
Medicine. 

Committee memberships: Member. Committee on Units, Standards. and Protection. 
American College of Radiology: International Commission on Radiological Protection, 
chairman, Subcommittee on Isotopes and Waste Disposal (past): National Research 
Council, member, Subcommittee on Radiobiology (past) ; member, Subcommittee on Radio- 
logical Institute (past) ; National Academy of Seiences, member, Committee on Waste Dis- 
posal (Biological Effects of Radiation ‘Study): member, Technical Advisory Committee of 
the American Institute of Physics to the National Bureau of Standards: member, Géneral 
Electric Reactor Safeguards Council (past) ; member, executive committee, NCRP: mem- 
ber, Subcommittee on Permissible Dose From BExternal Sources: member, Subcommittee on 
Permissible Internal Dose: member. editorial advisory board, American Nnelear Society - 
member, AEC Safety and Industrial Health Advisory Board (past) ; member, Committee 
on Radiation Protection Standards, Atomic Industrial Forum 

2 Reference: “Harmful Effects of Ionizing Radiation.””’ Ethel Browning. M.D. 


Plsevier 
Monographs, 1959. 
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Particularly in technological fields well-conceived standards fulfill 
these purposes: 

They promote safety, promote simplification, encourage further im- 
provements, contribute to orderly development of the technology. 

Of the several ways in which standards may originate and develop, 
two seem to be of particular relevance in the radiation protection 
field. The first concerns moral and ethical standards of which the 
Hippocratic oath, defining the standards of conduct of a physician 
with respect to a patient, is a sound example. In application to radia- 
tion protection, concern for the well-being of our future generations 
in the face of the deleterious genetic effect of ionizing radiation must 
lead to standards of this kind. 

A standard of the second type can be called an action facilitator, a 
device to allow each individual in society to proceed in a certain direc- 
tion, confident that certain obstacles have been removed. The rule of 
the road is a simple example. In just this sense there is a class of 
radiation protection standards designed to permit an individual to 
proceed with reasonable safety for himself and with the assurance of 
not causing unreasonable interference with the needs or work of others. 

These action facilitators may be either verbal rules or physical 
standards such as weights and measures. Some, however, may wish to 
discriminate between these two categories. 

In the field of atomic energy utilization, standards of these various 
kinds are today being readied. The combined efforts of professional 
technical societies, other technical organizations, industrial associa- 
tions. agencies of Federal and State governments, labor organizations, 
and insuring groups are being integrated in this work. 

Let me turn now to the question of application of criteria and 
standards and their enforcement. Ideally, a standard receives volun- 
tary agreement and acceptance. This may be readily reached where 
there are evident. benefits to all concerned, as for the rule of the road. 
It is frequently reached by the power of a majority only. The use 
of the term “dexterity” is a reflection of the voluntary acceptance of 
righthandedness as the norm, with the necessary but, doubtless, in- 
voluntary agreement of the “sinister” individuals who happen to be 
lefthanded. 

In other cases there is a degree of indirect enforcement. At the 
level of moral and ethical codes this includes the powerful forces of 
social ostracism. At more mundane levels it includes the forces of 
attack on the pocketbook such as in the lack of insurability for non- 
conformity with codes such as fire or building codes. 

In other cases direct enforcement is necessary through a system of 
laws and regulation. Unless a standard has the force of law—and 
sometimes even where it does have—its acceptance and use rest largely 
on its merit. The actual need for a recognized guide, the extent of 
experience available as background, the wisdom of the authors, the 
clarity of expression, and the flexibility to meet changing conditions 
all influence the worth of such standards. 

With this preamble on standards in general, let me proceed to the 
subject of radiation protection criteria or standards. 

Pages 3 and 4 of the preprint “Selected Material on Radiation Pro- 
tection Criteria and Standards: Their Basis and Use” gives a con- 





ul fill 
r im- 


elop, 
ction 
1 the 
ician 
idia- 
Lions 
must 


or, a 
irec- 
le of 
ss of 
al to 
ce of 
hers. 
sical 
sh to 


rious 
ional 
ocia- 
ions, 


and 
ylun- 
‘here 
road. 
2 use 
ce of 
. In- 
‘oO be 


| the 
os of 
as of 
non- 


m of 
-and 
ely 
it of 
, the 
tions 


» the 


Pro- 


con- 


RADIATION PROTECTION 9 


densed history of the early periods of radiation protection which I 
shall not repeat. By the time of the first years of the atomic energy 
projects, three basic standards for occupational exposure were in 
general use, namely: (1) 100 mr/day for external X- and gamma 
radiation; (2) 10-* curies/ce. for radon in the air of working rooms; 
(3) 0.1 microgram of radium as the maximum allowable amount de- 
posited in the body. 

These were each derived from quite limited clinical observation 
with safety factors applied to the amount observed to have produced 
injury to exposed persons. The first limit, having to do with exposure 
of the whole body, has received the most attention. Much has been 
made of the point that since that time the limits have been progres- 
sively lowered. May I point out here that the mode of derivation of 
these limits left them only one direction in which to move, namely, 
downward. If they had not moved downward in the last 20 years, 
it would be a clear admission of either the sterility of premature 
standardization to a permanently fixed level or a lack of increasing 
sophistication in the understanding of radiation effects. 

This understanding has indeed increased, partly through recon- 
sideration of earlier human exposure cases, partly through study of 
additional human cases, but principally, even overwhelmingly, from 
animal experimentation. Since these concepts have to be applied to 
man in quantitative terms, the validity of this translation from ani- 
mal data becomes one of the major topics for review. 

Prof. H. J. Muller unequivocally demonstrated the radiation induc- 
tion of gene mutations in 1927. It was not until the post-1945 period 
that enough evidence had accumulated to make it seem likely that the 
induction of gene mutations increases in direct proportion to the radi- 
ation dose at low dose levels. 

I should like to note a change in the words in that sentence com- 
pared with the written material to make it clearer. 

The sentence should read : 

The induction of gene mutations increases in direct proportion to the radia- 
tion dose at low levels. 

This same period saw an increasing suspicion that not all somatic 
effects of radiation had a true threshold. 

If these points are accepted, there is no degree of radiation exposure 
low enough to be without potential change of some kind; and it is 
generally conceded that potential change will be predominantly in the 
disadvantageous direction. This leads to the concept of acceptable 
risk. 

In this period the previous terminology of tolerance dose was 
changed to maximum permissible dose. The key point was to change 
the words to underline the acceptance of a nonthreshold dose concept. 
The particular choice of words was arbitrary and perhaps misleading. 
‘I think it would have been at least as plausible if we had happened to 
have previously used the expression “maximum permissible dose” and 
had substituted “tolerable or tolerance dose” at that time. 

I wish particularly to stress a fundamental change in approach to 
radiation protection criteria at that point in time. Heretofore, clin- 
ical observation had clearly pointed to the reality of threshold effects. 
With a threshold applied to every effect, the radiation protectionist 
had a clear scientific and hence, to him, wholly rational charter to 
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determine all these thresholds, Thereafter persons exposed to smaller 
amounts than threshold dose could be protected in the fullest sense of 
the word. 

Without a threshold dose there is no absolutely safe dose in the same 
sense. The establishment of quantitative standards or permissible 
limits then involves value judgments going beyond the areas of scien- 
tific and technical competence. It is most essential that qualified ob- 
servers recognize this boundary and reexamine their own role. Per- 
haps one could go so far as to say would-be qualified observers should 
do this on the grounds that the observer who unconsciously steps out- 
side the boundary of his professional knowledge is, ipso facto, unquali- 
fied and in some cases rather dangerously so. 

The nature of radiation standards is such that value judgments will 
have to be made. The judgments will be more willingly accepted in 
proportion to their support from the authority of knowledge. This 
is provided by those who have long worked in the field, with the men- 
tioned reservation that they must consciously accept the need to step 

tside scientific boundaries. 

Chat part ultimately hinging on clinical experience in man is in 
the hands of physicians who are experienced in making similar judg- 
ments as part of their professional code. That part hinging on genetic 
damage is mainly beyond clinical observation and demands the author- 
ity of inferential knowledge from the geneticists. In both cases the 
support of physical and biological sciences is a necessity. In total, 
we must commit ourselves now to some degree of influence on human 
welfare many generations hence. This commitment must be, in some 
fashion, responsive to the whole structure of ethical opinion. 

The most compelling technical problem is a resolution of evidence 
concerning response to radiation at low dose rate and low total dose. 

With your consent, Mr. Holifield, I would like my associate Mr. 
Vanderbeek to manipulate some charts which perhaps clarify the 
words of this paragraph. 

The radiation effects may exhibit a true threshold; they may be 
truly linear with dose and thus necessarily nonthreshold; or they may 
be nonlinear and also nonthreshold. Moreover, the character of the 
response need not be the same for all relevant damaging effects. True 
authority of knowledge for standards rests on this resolution. The 
first chart (p. 11) shows four examples: A for a threshold case; B for 
the response directly proportional to dose; C and D for two variations 
of the nonlinear, nonthreshold case. 

By means of the overlay we can suggest that determination of which 
case applies is not easy. The overlay shows some typical experi- 
sbiitad points which can only be obtained over a limited experimental 
range, and when these same points are applied to the different curves 
it is not easy to resolve which curve will fit. We need more detailed 
observations as we approach the point of zero dose, where the statisical 
error may become very large. 

We have other charts (p. 12) of additional plausible curves, EF, F, 
G, H, and I introduce these, Mr. Chairman, in the belief that perhaps 
other witnesses during this period will be referring to particular types 
of response curve and we could perhaps simplify the discussion by 
referring to type E or what have you to simplify the definition of 
these things. 


— lS 
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CHART 3 
A. B. 
Typical Threshold Response Response Proportional to Dose 
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It is easy to add additional charts to these curves, and I have done 
that on purpose in the ones that have been presented. The space F 
shows an additional chart labeled L which is put on in a few minutes 
with tape and shows a particular case of a linear response which also 
has a threshold. In other words, it shows a straight line not passing 
through the origin. 

Mr. Ramey. Chart E shows that it goes below and appears benefi- 
cial at certain dosages. 

Mr. Parker. When one looks at the data there are a surprising 
number of experiments in which at least this illusion is given, and I 
am sure that witnesses later in the week will refer to this effect. So 
a negative deleterious effect in this sense is printed on the chart as a 
beneficial effect at very low dose. 

Until the resolution as to which of these curves applies in any and 
all cases prudent men must make the safe assumption that some kind 
of nonthreshold response applies. 

Ultimate safety in the extremist sense then requires no radiation 
exposure, and, consequently, no use of radiation. In practical terms, 
one accepts a risk principle to balance potential detrimental effect 
against potential benefit of radiation use. Two additional balances 
are implicitly involved here. The first is a balance of the authoritative 
voices trying to define the optimum point. The second is an obliga- 
tion to balance the effort that goes into the radiation protection case 
against that which should go into parallel treatments of all the other 
agents or influences (for example, chemicals) that may have compara- 
ble effects on our national life, projected over an indefinite number 
of generations. 

In the remaining time I would like to have pages 6 through 12 of 
the preprint material considered as part of this presentation. Here 
I will just briefly highlight some of this material. 

Present-day standards for protection of individuals against radia- 
tion depend substantially on recommendations of the National Com- 
mittee on Radiation Protection and the International Commission 
on Radiological Protection. Mostly these have been concerned with 
prevention of injury to occupational workers. 

More recently the much broader questions of exposure to groups 
not susceptible to special medical examinations and including young 
children and old or infirm people were considered. Separate treat- 


ments of permissible dose to populations with respect to genetic effects 
and somatic effects have appeared. 


NCRP and ICRP recommendations are in two parts: 

1. Basic permissible dose limits, including specific limits for the 
whole body or for specified critical organs; derived maximum per- 
missible body burdens of various radioactive materials, usually as 
calculated to give the limiting radiation dose; derived maximum per- 
missible concentrations of these materials in drinking water or air, 
calculated to lead to maximum permissible body burdens. All these 
will be modified according to whether the application is restricted 
to occupational workers or not. 

2. Recommended practices: Numerous handbooks provide informa- 
tion on methods of doing work with radiation-emitting sources or 
equipment that will facilitate responsiveness to the basic limits. 
The preprint identifies six sources of exposure to be considered. 
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My table I (p. 17) lists estimated background radiation from var- 
ious published sources. Similar data may be used by a number of 
witnesses. I would respectfully suggest, Mr. Chairman, that confu- 
sion could be avoided and time saved if witnesses planning to use 
background radiation doses could meet with a member of your staff 
to produce one table to which all of us could agree. The data shown 
today are smoothed off compared with the preprint material with this 
in mind. An outright error that crept into the potassium 40 figures 
in the somewhat hasty preparation is also corrected. 

Let me make two observations about natural background. First, 
it does vary from place to place. Attempts to fix it by fiat at any 
arbitrary dose evel cbnawe rather than clarify the picture. In the 
second place, background radiation is generally excluded from radia- 
tion protection limits because nothing can be done about it. Actually, 
we have been considering some experiments in which we can support 
animals at only 1 percent of the natural background, so something 
can be done about it if need be. Also, if we contemplate average an- 
nual population doses of the order of 100 millirem per year, the ques- 
tion of whether one lives in a wooden, brick, or concrete house may not 
be wholly irrelevant as suggested by the Swedish data. It may even be 
fair to ask whether living in any kind of a house is “natural,” and, 
hence, whether the house-originated component of radiation should be 
included in “natural background.” 

In the field of medical exposure, estimates of dose from diagnostic 
and therapeutic procedures cover the range from 1.5 to 5 roentgens 
per person in 30 years. This constitutes about 99 percent of the man- 
made radiation contribution at the present time. Criteria for control 
of medical irradiation rest on the welfare of individual patients with 
the physician exercising value judgment as the controlling factor. 
This tends to set medical exposure standards apart from any other, a 
procedure that is acceptable provided that physicians using radiation 
consciously assume the obligation to include evaluation of this type of 
risk within their professional competence. 

In the field of occupational exposure, the total contribution to the 
Nation’s burden of genetically significant dose is quite modest. The 
relevant criterion is the probability of somatic damage to exposed 
individuals. 

The preprint draws attention to one concrete example—accidental 
overexposure in the State of New York, in which the contribution 
from conventional radiation sources in no way related to atomic 
energy programs is quite significant. The intent is to suggest that 
perspective concerning the exposure contribution by atomic energy 
programs as a fraction of the total exposure needs to be maintained 
or perhaps restored. 

e field of population exposure will properly receive much atten- 
tion during these hearings. Table III (p. 18) reports conventional 
estimates of the various contributions to population dose in the 
United States. As for table I, it would be helpful if some simple 
modification of this could be accepted throughout the hearings. 

Some special considerations applying to population dose are given 
in note form: 

(a) Authority of knowledge to define limits differs from that 
for cocemahaails dose ; 
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(6) The national or even international character of the prob- 
lem is self-evident ; 

(c) Means for establishing regulations and enforcement may 
be peculiar to this case; 

(d) For irradiation of the reproductive organs, total dose to 
an “effective population” is the significant parameter ; 

(e) It does not follow that there is no upper limit, on genetic 
grounds only, for exposure of an individual ; 

(f) For irradiation of other tissues—the somatic effects—a 
population average dose limit may be a useful index; 

(g) Nevertheless, the matter is one of acceptable risk for each 
individual, and this calls for specific upper limits for classes of 
individuals ; 

(h) There may plausibly be a whole series of such limits, for 
example, a low one for children or those with certain defined in- 
firmities, a moderate one for definable groups of “normal” adults; 
the occupational limits are essentially such a case; a relatively 
high limit for certain tasks voluntarily assumed or otherwise in 
the national interest, for ex ample, space flight; a relatively high 
limit for virtually all where the stress of enemy attack substan- 
tially alters the risk balancing equations. 

In a few concluding paragraphs let me try to identify and sum- 
marize some of the key points in the derivation and application of 
radiation standards. 

1. The risk principle: We are taking calculated risks with a poor 
calculation in some cases. A most diligently executed research effort 
is needed to resolve this. 

2. Technological growth: Positive use of radiation in more devices 
together with its occurrence as an unwanted side effect of other de- 
ve Necmeanted is expected to spread the chance of exposure. 

3. Enforcement: There is no easy solution to how much control is 
needed on all users of radiation in order to limit the hazard created 
by less-responsible or less-informed users. 

4. Subdivision of time: One pressing problem is to determine the 
true significance of time limits. Below a more or less agreed upon 
annual limit is an array of arbitrary time intervals used for control 
purposes—1l day, any consecutive 7 days, any consecutive 13 weeks, 
and soon. What significance do these now have? 

5. Subdivision of space: There are specific limits for the body, the 
skin, the head, hands and forearm, feet and ankles, and, in the case 
of internal deposition, for an assortment of critical organs. Dose to 
these parts can be cataloged and compartmented far more easily on 
paper than in actual practice. 

6. Subdivision of radiation type: In terms of the radiation energy 
absorbed, separate limits be established for all types of radiation. 
These can be stated in terms of a physical absorbed dose measured in 
‘ads. In the real case, people are exposed to a mixture of radiations. 
It is a matter of practical necessity for anyone keeping radiation 
score on a large group to convert the component doses to a common 
scale such as RBE doses measured in rems. In the present state of 
knowledge, arbitrary values of radiobiological effectiveness—RBE— 
have to be assigned. Such values are almost certainly different for 
different end effects, and in some cases for the same effect produced 
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at different dose rates. The use of the term “rem” in code or regula- 
tion can be highly misleading unless it is suitably qualified by an 
arbitrary scale of relation. 

7. Subdivision by radionuclide : Separate limits are provided for an 
increasing array of nuclides that may get into the body. Those that 
are bone seekers get preferential treatment in cé alculations, adding 
further to complications of dose addition. Also one can see intuitively 
that for some less radioactive nuclides, chemical toxicity may be as 
significant or more so than radiation toxicity, and two may have to be 
integrated. 

Taking points 4, 5, 6, and 7 together, man gets so subdivided be- 
tween time, space, radiation types and radionuclides that the basic inte- 
grating sense of standards is lost. This is a point of some significance 
too, for that kind of standardization related to a national register of 
radiation exposure. 

An informed public: Public acceptance of radiation standards is 
needed. This should follow public understanding of the broad princi- 
ples involved. The details of the standards picture are so complex 
that even the full-time practioners get confused enough. Public ac- 
ceptance of detail must hinge on what we have called the authority 
of knowledge, a belief that informed people are studying and reporting 
in knowledgeable, unbiased terms. Iam hopeful, Mr. Chairman, that 
these hearings will make a major contribution to this public awareness. 
May I again thank you for the opportunity to participate. 

(The material referred to by Mr. Parker follows :) 


Estimated background radiations 


| | 


| 
| Soft tissue | Bone dose, | Lung dose, 


dose, millirem| millirem per | millirem per 
| per year year year 
—| 
Cosmic rays: 
Sea level. seat 30 30 
5,000 feet ___. , | 70 70 
Total external gamma: } 
Out-of-doors !- : | 100 100 
In buildings: 
Wood 2 . 60- 65 | 60- 65 
Brick 2... .... ‘ | 110-125 28 110-125 
Concrete ?_- 180-230 80-230 | 180-230 
Internal emitters: | 
Carver 14-.<-..-- ‘ ‘ ‘ 2 
Potassium 40 
Radium 226-. Aiea 
Radon. : . 4 70-1, 000 
Thoron f 





1 This is taken as at sea level. The generally reported range is about 50 to 150 millirem per year. Ina 
few areas it rises above l rem per year. 

2 Measurements in specific buildings in Sweden; apparently such differences are usually not so pro- 
nounced. 

3 Osteocyte dose. 

4 Variations with building types and degree of ventilation. 
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Taste I].—Summary of radiation overexposure instances in New York State, 
1956-59 (13) 


Number 
Type of exposure Source of people Estimated dose 
involved 


11 | 8-15 rems/13 wk. 
10 | 7-14 rems/13 wk. 
25-50 rems/13 wk.! 
30-40 rems/13 wk.! 
5-25 rems. 

300-800 rems.? 
5-30 rems.? 
400-1,100 rems. 
0.24 rems. 

2-10 rems. 

0.2-5 rems. 


NL 24 undas dante see 

Co® and Ir!% 

|} 250 KVP X-ray 

50 KVP X-ray 

140 KVP microwave generator 
1.5-mev particle generator 

Sr® solution 

Tritium gas. -_-.--- 

Uranium and thorium dust--.-.---.--- 


CAS De wow 





1 Primarily to hands. 
? Presumably localized. 


Note.—Figure in parentheses refers to item in references, infra. 


TABLE III.—30-year per capita doses in the United States from radiation sources 


30-year dose 
Source i 
Gonad dose, Bone dose,! 
rem rem 


Natural radiation (8, 9): 

External: 
| RES ad eh 8. RE ROR Se i FE EE PEs Re A) 
Terrestrial radiation 
Atmospheric radiation 

Internal: 
Potassium 40 
Carbon 14 
NN eS enn actetitsthiatignitnicn ainatcentiebebtiienabasalmasnel 
Radium 


» OF 


weege gre 


Subtotal 





Manmade radiation: 
Diagnostic X-ray 
I a 
iat ica dick isin eich ieeptiniciar tein aiiitinn ipa tegen dil 
SIN ns htca. 60h AIDS Sis 0a sed adededreeasbhaeeeeenenerdel 


SAeiMiedl WONMINTI Sc 65h SGD SIRE 3s scncncndnanmene hinbisinbitineticuaeee 
Subtotal 
Approximate total 


1 Taken here as the osteocyte dose to match table I. This principally affects the radium entry which 
would be 0.05 rem for mean marrow dose. 

ia studies on limited groups have given values on the order of 1.5 rems. (See references 10 
and 11. 

3 No estimate. 


Nore.—Figures in parentheses refer to items in references, infra. 
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Representative Hotmrienp. Thank you, Mr. Parker, for your state- 
ment and the material you have contributed with it. 

You have used the words “criteria” and “standards” all through 
your presentation. Do you use them as meaning the same thing, or 
is there a difference between “criteria” and “standards” ? 

Mr. Parker. In the sense that I have used them in the provided 
material, I have not differentiated. I have used the two words in a 
sense to be responsive to the kind of language that I believe Dr. Tay- 
lor will use more thoroughly, in the sense that what we have called 
standards are not standards in the engineering sense with which 
many of us tend to be familiar, in which there is a concept of go-no-go 
gage. They are rather general guides to about the right kind or 
what might be described as reasonable amounts of radiation exposure. 
One notices the use of the term “guide” is becoming increasingly 
popular. 

Representative Houirtexp. Is that because the technical knowledge 
does not allow you to define in exact mathematical terms the stand- 
ards ? 

Mr. Parker. It is partly due to that, Mr. Holifield, and partly be- 
ause mathematics carried to the third decimal place very hkely need 
never come into the kind of topic that we are talking about. If it 
turns out to be true that the effects go by a no-threshold curve of 
some kind, we are always into the area of balancing some potential 
damaging effects against some potential gain. This is not something 
I believe which goes by close mathematics. 

Representative Horirrerp. When you use the word “guide,” do 
you use it in the same way that the Federal Radiation Council uses it in 
their reports? 

Mr. Parker. The report from the Council reached us somewhat at 
the last minute, and we perhaps read this in rather cursory fashion 
so far, Mr. Holifield. It would seem that there is a slight twist in the 
terminology which I am sure will be brought out more fully later on. 


I would say this: Dr. Taylor, I believe, would say to you that the 
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standards we have are guides for practice. If I understood the back- 
ground material from the Federal Radiation Council, it says rather 
directly that the radiation protection guide is five rems per year, that 
is, a dose. This is a slightly different use of the language. I am sure 
they are not meant to be inconsistent, but they may be distorted later. 

Representative Hoxtrretp. I notice in item 7 it says the Federal 
agencies apply these radiation protection guides with judgment and 
discretion to assure that a reasonable probability is achieved in the at- 
tainment of the desired goal of protecting man from the undesirable 
effects of radiation. The guides may be exceeded only after the Fed- 
eral agency having jurisdiction over the matter has carefully con- 
sidered the reason for doing so in light of the recommendations in 
this paper. 

This will be in the Federal Register, and this will have the effect of 
a rule, you might say, and yet within the very terminology of the 
statement you have elastic terms such as judgment and discretion and 
reasonable probability. They certainly are not exact semantics. They 
vary in degree. So in essence you are not setting up a guide because 
that discretion that might be used might vary with the individual and 
his background and technical competence. All of this would restrict 
honesty and integrity on the part of the individual. Is that not true? 

Mr. Parker. Indeed, it is true, Mr. Holifield. I think you touch on 
the basic problem of converting what we may describe as intelligent 
practices in the use of radiation into firm code and regulation. There 
do seem to be areas in which this will be a major national problem. I 
am sure the Federal Radiation Council has given considerable thought 
to this. 

Representative Ho.trretp. So we have to approach this in a way 
that the doctor approaches a diagnosis, is that not true? He exercises 
his own ieehinad competence and his background of experience and 
observation. He uses what we hope is prudent judgment in making a 
diagnosis. It may later turn out to be right or wrong. 

Mr. Parker. Yes, sir. I believe this it what I have tried to 
characterize as value judgments on the part of all people concerned 
in the material submitted. 

Representative Hoxiriecp. Are there any questions, Mr. Price? 

Representative Price. Mr. Chairman, I would like to ask a question 
relative to the first of your summarizing points on page 9 of your 
statement, namely, the risk principle. You say we are taking a cal- 
culated risk with a poor calculation in some cases. Could you cite an 
example of exactly what you are talking about there? 

Mr. Parxer. It would be difficult to cite an example in which the 
calculation was good in the mathematical sense. I perhaps believe 
that the question is not phrased in so specific a term as that. There 
are areas connected with both the genetic effects of radiation at low 
dose levels and in the somatic effect—for the effect of the same radia- 
tion on the remaining body tissues—in which we do not know respon- 
sibly what the actual effects are. We have a concept, I believe, of the 
general nature of these things. The details depend on the resolution of 
the application of the kind of model curves that I presented earlier, 
Mr. Price. Until we have a better and agreed technical appraisal of 
what the damage, long range, is, we must have in our terms of refer- 
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ence, which try to be scientific at least, a poor calculation until we have 
better data. 

Representative Pricer. Then you stated that most diligently exe- 
cuted research is needed to resolve this. Did you mean to leave the 
impression that we are not doing anything in the way of a research 
effort in this regard, or that it is not as extensive as it should be? 

Mr. Parker. I meant, sir, that I hope the medium of these very im- 
portant hearings would help to clarity for those doing this research 
what the key problems now seem to be upon this joint review and to 
work diligently on these key problems, perhaps recognizing some that 
were more evident or soluble. Perhaps agreeing that with any pre- 
scribed length of time, such as 10 or 20 years, certain problems by their 
nature are not completely soluble. This is what I meant to cover in 
that point. 

Representative Price. What is the difference between levels of ac- 
ceptability of radiation exposure and performance standards? 

Mr. Parker. I would not understand how you would characterize 
the performance standard, Mr. Price. 

Representative Price. This is the casual reference sometimes to the 
performance standard and the level of acceptability. The perform- 
ance standard is what you would take on in the performance of the 
work. The reason I ask the question is because it refers sometimes to 
the level of acceptability and sometimes to the performance standard. 

Mr. Parker I see. Neither of these are terms that I would find 
used in the particular areas of radiation protection with which I am 
more familiar. 

Representative Price. I have seen it used. 

Mr. Parker. In our case performance standards would be a measure 
of how well we had found we had in practice achieved the reduction 
of limits or limitations of exposure that we had thought proper to 
prescribe. 

Representative Price. Would there be any difference between that 
and the level of acceptability of radiation exposure? 

Mr. Parker. The fevel of acceptability could to some people—and 


I am sorry I am not familiar how it was used in the particular ref- 
erence that you have in mind, sir—mean in advance a level of accept- 
ability in different cases. For example, we all think it imprudent 
to offer the same amount of radiation exposure to children and pos- 
sibly old and infirm people as compared to a mature adult population. 
There is a concept of a level of acceptability involved there. This 
is what I would call a level of acceptability. The y erformance would 


be the measure of how well this was achieved by the responsible 
people. I do not know, sir, whether it was meant in this sense in the 
reference that you have. I would be very happy to look this up out- 
side of the meeting and report to your committee. 

Representative Hoxtrteip. The level of acceptability in the case of 
an individual might vary considerably, as you pointed out, between 
an elderly person and a child. It also might be higher where you 
were using X-ray for cancer treatment or something like that. An 
individual might accept quite a considerable dose in a local area 
which would not be acceptable ordinarily to populations; isn’t that 
true? 

Mr. Parker. It 1s indeed so, Mr. Holifield. 
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Representative Price. You brought that out in your own statement. 

Mr. Parker. Excuse me, sir. I didn’t hear the question. 

Representative Price. You brought that out in your statement this 
morning as to the level of acceptability. 

Mr. Parker. Yes, in other terms. 

Representative Price. That is all I have, Mr. Chairman. 

Representative Houirretp. Mr. Hosmer. 

Representative Hosmer. In discussing the threshold theory and 
discarding it in your hypothesis, at least, you made the assumption 
that it is generally conceded that radiation of any amount causes 
changes that are deleterious. Yet we find man evolving what we 
think is upward in quality as an animal in a background environ- 
ment of radiation. How do we reconcile that? 

Mr. Parker. Mr. Hosmer, let me attempt to answer that question 
in two parts, or perhaps more honestly to answer the first part and 
duck the second part. The answer to the first part is that one has 
not said whether one is discarding the threshold effect. Merely one 
says that the evidence is incomplete, and this is the key technical 
problem that has to be resolved. 

In the absence of its resolution you select the approach to the prob- 
lem that will seem to be the most conservative, which is to accept the 
no-threshold effect. This implies to some degree additivity of 
deleterious genetic effects through all the generations, as you men- 
tioned. Why I divided the question into two parts is because I do 
wish to duck the firm response to the second part on the grounds that 
I have made some point of the great mistake that many of us make 
in stepping well outside of our Senne of professional qualification. 
The question you ask, I believe, sir, is one in which the geneticists 
have a useful contribution to make, and which I as a layman from 
the genetics point of view have tried hard to understand in full. I 
would make no real contribution by making a definitive statement 
and so using the opinion of the geneticists at secondhand. I do rec- 
ommend that the point be addressed to a suitably qualified witness 
later, sir. 

Representative Hosmer. In that connection, I think one of the 
points that was made in the paper by Harris? is the fact that these 
standards should not be eatablished by physicists or any particular 
discipline alone, since they involve matters of economics, sociology, 
and things of that nature, they necessarily should be established on the 
basis of a diversified committee coming to some general agreement. 
Ts that essentially what our problem is? 

Mr. Parker. This is essentially built into the language that I have 
tried to use this morning as to value judgments. 

Representative Hosmer. You mentioned the importance of public 
understanding in obtaining the acceptance of whatever standards 
might eventually be evolved. How do we overcome the very difficult 
problem of terminology? In the preprint we have set forth a special 
table of terms. You have used several different expressions in your 
testimony that I think only the real experts can grasp at first hearing 
sufficiently to bring to mind the concept of their meaning. 


2 See Selected Materials, pp. 49 and 50. 
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What I am essentially getting at is that, although the general public 


doesn’t know what a watt is of electricity, they have an understanding 


whether they want a 50-watt or 70-watt or 100-watt light bulb. They 
go down and buy one. Is there any key of that nature that can be 
developed so that public understanding of radiation can be facilitated 

Mr. Parker. This is again not an easy question to answer. Let 
me say first that by the time we have had our present battery of 
radiation units in practical use as long as the term “watt” has been in 
use, I believe its degree of familiarity to the public will be about 
equal. At the present time it is not so large. There is a complex 
battery of radiation units which was in fact only developed and used 
in a small coterie of atomic energy projects, beginning in about 1943, 
These were promulgated, beginning about 1946 or 1947, to a wider 
audience, and have gone through the process of what you might call 
clinical trial and error which have caused them to be modified. So 
we have arrived by more or less agreement of the scientific fraternity 
at two units in current use which have some continuing substance, 
although a limited substance. 

Of these two, the physical one, which is known as the rad, is a 
measure of expression which I believe can be with confidence promul- 
gated to all and its meaning known through standard forms of 
teaching. 

The unit rem has a different character in the sense that it is not as 
significant a unit in the absence of the arbitrary scale of relation that 
I mentioned that defines applicable radiobiological effectiveness values 
for all of the particular cases. This multiplies the task of teaching 
to the public the true meaning of such a unit. 

One should not put some numbers on this because it has no numbers. 
It is an order of magnitude more difficult to convey this meaning to a 
large audience and not have the next speaker inadvertently convey 
quite a different meaning. 

Representative Hosmer. As a matter of fact, in the instructions 
you received as a witness you were told to deliver your testimony in 
terms understandable by the layman. You have found it impossible 
to comply with that instruction, have you not ? 

Mr. Parker. This is what you are saying. This means that we 
have failed in an attempt to reduce the language to generally under- 
standable terms without further elaboration. 

Representative Hosmer. The reason I pursue this line of inquiry is 
iv: to emphasize that, along with all the other problems that may 
be mentioned during these hearings, communications and terminology 
are important ones to solve in order to achieve what we seek—accept- 
able standards in this whole area. 

Just for the purposes of the record, I think you have indicated that 
the average person obtains about three rem of irradiation from diag- 
nostic X-rays during his lifetime. What contribution does one chest 
X-ray make to that? 

Mr. Parker. The number that is conventionally written down for a 
chest X-ray depends on whether we are talking about the fluoroscope 
process or look-see process or the actual radiographic process or 
taking the photograph. The look-see or fluoroscopic process is nor- 
mally charged between 1 and 2 roentgens as a representative value for 
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the chest. You must recall again, sir, that the actual radiation dose 
will vary at all points on the chest in this procedure. 

Taken as a radiographic photographic process, the necessary dose 
is generally taken as about one-tenth of that in the look-see method, or 
one-tenth to two-tenths of a roentgen. 

Representative Hosmer. In other words, the fluoroscopic procedure 
gives a relatively high dosage. 

Mr. Parker. Very much higher than the photographic process. 
Its justification is that only by a fluoroscopic or direct look-see process 
or some indirect sort of moving sequencing can you get the sense of 
motion which is needed for the clinical examination in some cases. 
It does not say that fluoroscopy should be used where radiography 
satisfies the inquiry of the physician. 

Representative Hosmer. I think you indicated it has between 100 
and 200 for a photograph. 

Mr. Parker. I think those are generally taken as representative. 

Representative Hosmer. Thank you. 

(The following supplementary information was submitted for the 
record by Mr. Parker:) 


On Tuesday, May 24, I endeavored to answer a question from Representative 
Hosmer on the amount of radiation received during chest radiography. As I 
recall, I quoted a dose of about 1 roentgen for the indirect fluoroscopic method 
and a dose of about 100 to 200 milliroentgens for direct radiography. These 
numbers are appropriate for the average dose received by the chest region in 
such practices. However, it is now clear that the intent of Mr. Hosmer’s ques- 
tion was to determine representative dose to the reproductive organs. Such 
doses are broadly in the range of 0.1 to 0.5 percent of the numbers quoted. There 
is a wide variation in the actual dose to the reproductive organs during these 
procedures. The range of reported values that I find is from 0.01 to 3 milli- 
roentgens. It may be noted that Dr. Chamberlain on Wednesday, June 1, 
quoted numbers which range from 0.1 to 0.5 milliroentgens using modern 
techniques. There is no particular discrepancy between our figures, since mine 
include, at one extreme, very low values obtained with special methods not yet 
considered to be general modern practice and, at the other extreme, the high 
values connected with the fluoroscopic method. 


Representative Bares. I want to touch on the same point that Mr. 
Hosmer made relative to an informed public. After listening to your 
statement, realizing the magnitude and complexity of the problem, we 
come to the point where you indicate the public should be informed. 
This appears rather difficult and particularly after I read part of 
your statement where you say taking points 4, 5, 6, and 7 together, 
man gets so subdivided between space and time and radiation types 
and radionuclides that the base integrating sense of standards is lost. 

Those are the words of an expert in the field. I wonder how we 
can at this time inform the public? You indicate that this authority 
of knowledge should be accepted, I presume, by faith. People who 
are experienced in the field are working on it. People cannot measure 
in their own minds the terms that we use, rems and rads. They can 
understand a foot or a pound or something like that. Particularly 
when the experience of damage in the field has been so limited. People 
have been burned by fire, and they can understand the dangers there. 
They drown in water, and they can understand that. What can you 
say in a brief statement that would at this time inform the public in 


addition to the fact that they should have faith in the people who 
are working in the program ? 
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Mr. Parker. These are some of the most significant points in the 
whole affair, Mr. Bates. Let me say this, that one is faced with this 
enormous mass of preprint material and in a first review of it, one 
perhaps emphasizes the difference in contempt and presentation of 
the intended witnesses. But if one steps back a pace and takes a more 
objective view, I believe it is proper to say that there is a remarkable 
degree of uniformity on the keypoints throughout this preprint 
material, and thus, I believe, throughout the material that will be 
presented. If these 2 weeks of hearings emphasize the point that 
although some of us tend to quibble on the third decimal place of 
some expression of limits, on certain key points there is almost unani- 
mous agreement among those perhaps qualified to have competent 
opinion. This, I believe, is what will tend to establish in the public 
this feeling of support of knowledge of those who are currently 
working in this field. I would consider it, in detail, hopeless to in- 
form the public on all the ramifications of all the handbooks put out 
by responsible bodies in this field. But I do think that certain basic 
principles can be shown here to be agreed upon by those qualified, and 
that this provides the basic assurance to the public that very prob- 
ably the fine points are under much better control than they occa- 
sionally see ‘stilin one tends to rather emphasize the difference in ex- 
pression rather than the basic similarity. 

Representative Bares. As you know, there is a good deal of fear in 
the minds of many people concerning the possible effects of radiation. 
That has been expressed in many forms, whether it is ocean disposal 
in my area, or other places throughout the country. You indicate that 
faith in people is one thing. But it is difficult for people to accept 
something merely on faith, especially when they don’t understand it, 
and as you indicate, the details are so far reaching that they could 
not possibly understand it anyway. 

Mr. Parker. There are some points in this area which I am sure 
will be clarified in these 2 weeks, some which I rather consciously left 
out of what was intended as a summary. One point is the fear in 
the minds of many that if one goes slightly beyond some written 
limit, some dire consequence will occur. We establish a limit perhaps 
in some cases of 5 rem per year. I am sure there is a feeling in some 
areas that. if any individual has been exposed to 6 rem his life is 
ruined. I believe that the responsible witnesses will show the fallacy 
of any such line of reasoning during this period. This may make a 
real contribution. 

Representative Bates. Of course, the uncertainties of any new field 
make people much more suspect and much more reluctant to accept 
something new than something that they have lived with for a long 
time. For instance, automobile accidents, 45,000 deaths a year. If 
that was part of this program we would have to close up the shop 
right away. People would never accept that. 

Mr. Parxer. The program is bedeviled by its own past excellence 
compared with other protection programs plus the demand for many 
other investigations needed. This is what I referred to as the second 
implied need for balance in our national structure, a perspective in 
respect to hazards of all kinds. 

Representative Bates. All of this will be developed as the hearings 
proceed ? 

Mr. Parker. I hope to hear it so developed, sir. 
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Representative Horirieip. There was one or two points I would like 
to pick up at this time in reference to the general understanding 
of this matter. Of course, these hearings will not be read extensively 
by the lay public. Neither will this compilation of data in the pre- 
print be studied by the lay public. I am speaking generally now. 
There will be individuals who will. The important contribution, I 
think, that the contributors will make, and that the committee can 
make in pulling this material together is to offer to those people in 
responsible positions a compilation on the subject which will allow 
each of these people to peruse the status of technology and the status 
of thinking of the different experts which contribute toward it. We 
have asked you to put it in lay terms as nearly as possible and lay 
words—-that is so the committee may understand it. We know the 
difficulties you are faced with. Part of that difficulty, as Mr. Hosmer 
so well pointed out, is the use of these terms. Is it possible for your 
groups—I am speaking now of the national and international radia- 
tion groups—to develop a glossary of words, such as criteria, stand- 
ards, and so forth, and arrive at a common meaning of words, such 
as we have done in the cases of rad, rem, rep, roentgen, and so forth, in 
the glossary of terms in our preprint. There may be differences of 
opinion as to the definitions of these words, but we have tried to put 
a common definition which is commonly accepted among experts as to 
those terms. 

In setting up standards, is it possible for your groups to arrive at a 
common meaning on key words, and have them in a special glossary 
such as we have here so that when we are talking about criteria or 
standards or any other commonly used word that is descriptive, that 
we can define it a little more closely than the ordinary English defi- 
nition of the word when it is used in common ways would permit? 

Mr. Parker. I am glad you brought up this point. I would con- 
ceive it to be quite simple to do this with respect to such words as 
criteria, standards, and guides, certainly in a comparison with the 
attempted resolution of words like rem. 

Representative Hoxtrretp. There is such a variation in the meaning 
of the spoken word in the individual’s mind, if we could pin those 
words down a little more accurately in the hearing, I think it would be 
quite helpful. 

Mr. Parker. Yes, sir. I hoped to suggest that we could save time 
by devices like this of which the introduction of these charts was in- 
tended as an example, so we can save the time of the committee. 

Representative Hortrreip. I think it is very good that we discuss 
it in terms of these charts. I understand that they are pretty well 
agreed upon, or at least the differences are shown between a threshold 
and a nonthreshold. When you are talking about one or the other, 
it is certainly understood as to what you mean. 

I am concerned about the setting of these standards on a nontech- 
nical basis. Where the setting of the tolerable dose or the maximum 
permissible dose would be adjusted to an economic pressure, for ex- 
ample. I notice in your Federal Radiation Council staff report of 
May 13, under the term of “atmospheric contamination of uranium 
mines,” paragraph 6.20— 

In addition to the current recommendations of the NCRP, the American 


Standards Association (ASA) has been active in the establishment of recom- 


mendations in this field concerning air contamination from radon and its daugh- 
ter products. 
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I won’t read the whole section, but it gets down to this question. 
We will put the whole section in the record as an appendix (App. 6, 
p. 623). 

It does appear prudent to assume that significant numbers of individuals are 
being exposed to radiation in the mines that are in excess of the recommenda- 
tions of either group— 
the American Standards Association or the NCRP. 

What does this mean? Does this mean that both groups have set 
a standard of tolerable or maximum exposure, and yet the economic 
pressure of getting this uranium out of the ground is such that these 
miners are being exposed to a considerably greater amount than is 
ordinarily considered safe ? 

Mr. Parker. I left out reference to this economic aspect in the 
summary, Mr. Holifield. 

Representative Hoxirretp. There is a tendency to leave it out be- 
cause no one wants to talk about it. 

Mr. Parker. No, I would say, sir, that one of my own associates, 
Mr. Healy, who will be addressing you later in the week, has material 
on cost as applied to our picture. I would say this, too. [am one who 
has had the good fortune throughout his professional career to be 
associated with organizations who have taken this point of view : They 
would endeavor to find out all that they could about the nature of ra- 
diation hazards and would conduct their affairs in such a way as 
to be wholly responsive to the needs of radiation protection and not 
limit this by cost. 

Representative Horrrretp. In other words, the economic pressure in 
the last analysis should not be the deciding factor if it involves serious 
deleterious effects upon the miners. 

Mr. Parker. The spoken question is an appropriate resolution of 
the needed protection of any individuals potentially exposed, re- 
gardless of cost. However, not done wastefully. One would endeavor 
to find an economical way of achieving what one considered to be 
an appropriate level of control. 

Representative Hortrretp. Isn’t it true in cases where a lay miner 
or a Thy operator of a reactor might not be competent to judge or 
know the exposure he is getting and the effects it might have on him, 
that he should be suitably informed? Then it would be a matter of 
choice on his part whether he wanted to expose himself. It might be 
entirely possible that a man in older years of life might not mind 
exposing himself to twice or three times as much as a younger man. 
At least the element of knowledge and the element of choice on the 
basis of intelligent information should be present at all times in this 
field, as far as the working person is concerned, is that not true? 

Mr. Parker. That is true, I am sure, sir. The question specifically 
as to whether an individual is satisfied to expose himself to more than 
some given limit when he is supposedly aware of the matter is beyond 
the ‘field of science and goes into other areas, I think, rather clearly. 

Representative Horirretp, That is one point of my remark. But the 
real point of my remark, I hope, was that he should certainly have the 
information. 

Mr. Parker. He should have the information. 

Representative Hoririecp. He should not be doing it ignorantly. 
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Mr. Parker. And he should, I would suggest, more importantly 
consider the effect of his actions on others. He may have some degree 
of independence in respect to his own exposure. He has much less 
freedom of action in actions which will indirectly affect the exposure 
of others. 

Representative Horirretp. If we go into the responsibility of so- 
ciety as a whole, it might be very well that he should be prohibited 
from overexposure in view of the genetic effect upon future genera- 
tions. 

Mr. Parker. That is possible. 

Representative Hotirretp. That might be damaged. 

Representative Hosmer. Will the gentleman yield ? 

Representative Houirrerp. Yes. 

Representative Hosmer. Oftentimes the problem is not the maxi- 
mum degree which the man will accept, but his willingness possibly 
to go beyond that. So your standards have operations in both direc- 
tions. I think, however, as I gather, your view is that in the case of 
any human activity there is always some element of risk and society’s 
job is to determine how much risk in general will be accepted in return 
for a calculated amount of benefit. In other words, we accept so many 
hundred thousand casualties a year from automobiles on the general 
theory that the gain in mobility of the population outweighs the loss 
of the individuals involved; is that correct ¢ 

Mr. Parxer. Yes. We have talked about a poor calculation of the 
instant case of radiation protection. I will submit, however, it is a 
far better calculation than that which justifies the present loss of life 
from the use of automobiles in this country. 

Representative Hosmer. Yes. We do have a situation where our 
knowledge is not as great as it possibly should be in order to establish 
these standards. In that we have a similar situation to that which 
occurred in previous times with respect to other new types of human 
activity ; is that correct ? 

Mr. Parker. Yes, sir. 

Mr. Chairman, could I add something to the previous comment in 
response to the question which I believe involved a matter of uranium 
mines. I would like to say I have never been in a uranium mine, and 
have no direct experience of the conditions there, and therefore I 
would label myself as one of the poorest possible witnesses to answer 
that question. 

Representative Hotirrevp. We will have eroceaee to testify on 
that. I would also like to clarify something that I may have left un- 
clear for the record. When I said that this compilation would not 
receive mass reading, I really meant mass reading. I did not mean 
that it would not be read by laymen. There will be laymen who will 
read these compilations. There will be many teachers in the universi- 
ties and places like that who will read it who are not necessarily 
yhysicists or geneticists. I didn’t mean to derogate its important, but 
| just meant Sapna it is complicated and technical it will have less 
appeal to the mass reader than the Dick Tracy comic section has. 

Mr. Parker. Mr. Holifield, let me refer back to a previous set of 
hearings on waste disposal in which we ended up with a stack of ma- 
terial approximately four times the height which is before me. This 
material has been extremely valuable to us and we have used it in 
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many interactions with the public. It has proved to be of more value 
than any other compilation that we had made. 

Representative Houtrretp. We appreciate that. We hope that these 
hearings when they are completed will be equally useful in spreading 
the knowledge and thereby assist people who are interested in this 


subject to find it without having to search through thousands of 
scientific journals. 


Thank you very much for your very valuable contribution. 
Mr. Parker. Thank you. 


Representative Horirtetp. Dr. Abel Wolman, head of the Depart- 
ment of Sanitary Engineering and Water Resources of Johns Hop- 
kins University, will be our next witness. Dr. Wolman, we are happy 
to have you before the committee again. 


STATEMENT OF ABEL WOLMAN,’ PROFESSOR, DEPARTMENT OF 
SANITARY ENGINEERING AND WATER RESOURCES, THE JOHNS 
HOPKINS UNIVERSITY 


Dr. Worman. Thank you, Mr. Chairman. ayy 
I appreciate, Mr. Chairman, being here to make this brief state- 
ment, and, with your permission, I should like to read at least the 


formal portion of it and then subject myself, as you suggest, to ques- 
tions by the committee. 


1 Place of birth: Baltimore, Md. Date of birth: June 10, 1892. Bachelor of arts, 1913; 
bachelor of science in engineering, 1915; honorary degree, doctor of engineering, the Johns 
Hopkins University, 1937. 

1921-37 : Editor in Chief, Journal of the American Water Works Association. 

1922-39 : Chief engineer, Maryland State Department of Health. 

1929-30: Consulting sanitary expert to State of New Jersey in U.S. Supreme Court case 
In re Delaware River, New Jersey v. New York, N.Y. 

1931 to date: Consulting engineer on water supply, sewerage, refuse disposal, etc., 
Baltimore City Department of Public Works. 

1934-37: Acting State director, Federal Emergency Administration of Public Works 
(Maryland and Delaware). 

1937 to date: Professor of sanitary engineering, the Johns Hopkins University. 

1937-44: Consulting engineer, U.S. Public Health Service, U.S. Engineer Corps investi- 
gations of the Ohio River pollution. 

1938, 1945, 1949, 1956: Consulting engineer, Washington Suburban Sanitary District. 

1939-45 : Consultant, U.S. Public Health Service. 

1939 to date: Consulting engineer, Tennessee Valley Authority. 

1944 to date: Consultant, Surgeon General, U.S. Army. 

1934-45 : Chairman, Maryland State Planning Commission. 

1939 : President, American Public Health Association. 

1942: President, American Water Works Association. 

1942 to date: Chairman, Advisory Committee on Sanitary Engineering and Environ- 
ment, Division of Medical Sciences, National Research Council, Washington, D.C. 

1942 to date: Chairman, Permanent Sanitary Engineering Committee, Pan American 
Sanitary Bureau. 

1943-46: Chairman, interdepartmental board for sanitary control and protection of 
public water supply of New York City. 

1945 to date: Chairman, board of consultants, Jordan River project, Israel. 

1947 to date: Consultant, Atomic Energy Commission (ACRS, Stack Gas Working 
Group, general wastes problems). 

1949-52: Chairman, Expert Committee on Environmental Sanitation, World Health 
Organization. 

1955: Editor, American Journal of Public Health. 

1955 : Consultant, National Science Foundation. 

1955: Consultant, National Defense Department. 


1955: Scientific adviser, U.S. delegation, International Conference on Peaceful Uses of 
Atomic Energy. 


1955: Consultant, Government of Ceylon, water resources. 

1956-57 : Member, International Mission, Organization of Government of Argentina. 
1956-57 : Member, board of consultants, Detroit metropolitan region. 

1956—57 : Member, board of consultants, Miami Conservancy District. 

1957 : Member, board of consultants, Indianapolis Water Co. 

1957 : Member, National Advisory Committee on Radiation to the USPHS. 

1958 : Advisory Committee, USPHS, Washington, D.C. 

1958: Radiation control committee, Johns Hopkins Medical Institute. 

1959: Special Advisory Committee, Department of Commerce, Washington, D.C. 
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The staff of the Joint Committee has posed two primary ques- 
tions for my discussion. They deal with the exploration of the evolu- 
tion of standards in the field of health and s a other than radia- 
tion. Such an exploration should reveal pr ecedents, similarities, dif- 
ferences, and difficulties which may make the task of guiding public 
policy in radiation control more rational or more univ ersally ac cept- 
able and intelligible. The questions are paraphrased as follows: 

1. For hazards other than radiation, what have been typical prac- 
tices in public health in developing protection criteria, with particu- 
lar reference to benefits, risks, and costs in the broadest social and eco- 
nomic sense. 

2. How do common arguments applied to radiation hazard appear, 
if applied to historically more familiar hazards, 

Fortunately, detailed elaborations of answers to these highly im- 
portant questions are now available in the superb papers by Parker, 
Weber, Taylor, Williams, and others in the invaluable Joint Com- 
mittee print of May 1960, on “Selected Materials on Radiation Protec- 
tion Criteria and Standards: Their Basis and Use.” This document 
of some 1,250 pages provides for the diligent reader a comprehensive 
review of the assigned subject. It is too much to expect, however, that 
the millions of interested citizens will choose the document for ex- 
tended perusal. 

The present writer, therefore, briefly generalizes from the rich data 
already in print with the hope of delineating some historical peaks 
and troughs for guidance in the standards effort. 

Standards for what: From time immemorial, by one means or an- 
other, society has surrounded itself with restraints. These have had, 
for the most part, empirical origins, whether moral, ethical, economic, 
or spiritual, or scientific. All of them have had the common base of 
an assumed benefit to the particular society establishing them. As 
societies became more complex and more sophisticated, efforts toward 
both standardization and restraint became more frequent, more nec- 
essary, and presumably less empirical, although examples of the last 
are not as numerous as one might expect. 

There are standards and standards. Rigid definitions should pre- 
clude this loose use of the word “standards” for the area with which 
these hearings are concerned. 

A rough classification of the pee often used is as follows: 
(a) regularizing techniques of measurement—true standardizing 
of instrumentation and units and the like; (5) establishing limits 
of concentration or density of biological life, physical and chemical 
constituents, et cetera, which is more difficult ; (ec) regularizing ad- 
ministrative practice; (d) regularizing legislative fiat ; (e) specifying 

‘materials, which does not concern us here, such as a specification for 

cast iron pipe, in which you have a high degree of specificity and 

quantitative measure. 
*.. As one moves from (a) through (d) the universe becomes not only 
more complex but more nebulous. The hope that an authoritative rule 
may be substituted for thought and judgment is an ever-present desire 
of some administrators, of the quantitative-minded precisionist, often 
of the lawyer and always the distressed citizen. All are beleaouered 
by the multiplicity of problems. To resolve these by formula has 
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always been the will-of-the-wisp hope of workers in every field of 
human application. 

It is not surprising that the search for mathematical certainty per- 
sists so diligently in the field of radiation, paralleled as it is by vast 
uncertainty in the underlying scientific principles which generate the 
problem, as Dr. Parker has elaborated. But we all search for quanti- 
tative certainty and, in addition, simplicity of statement. 

I would like to comment on previous standards in public health 
and safety, other than radiation. 

The general field of public health practice should historically disclose 
er ey implications, and examples. Fortunately, 

arker, Weber, and Taylor have discussed many of these aspects. 
What do they teach us? 

(a) The development of criteria for the protection of health has 
invariably preceded full scientific understanding and acceptance. I 
emphasize this because there is a general assumption that the precepts 
under which we have worked for well over half a century rest upon 
complete scientific data, general acceptance, and so on. This is not 
true. The criteria have been eternally subject to reinterpretation, 
adjustment, and reframing as newer knowledge and experience were 
forthcoming. Sometimes such revisions have been overdue even 
though the machinery for revaluation, both voluntary and official, 
was at hand. 

Experience has disclosed that where such criteria have been frozen 
into law, revision becomes a heroic effort. 

I stop at that for a moment because we have already in some in- 
stances, even in the radiation field, frozen criteria into law, which I 
would consider to be a major catastrophe. Administrative rule is 
by far more flexible. , 

A familiar example of the revision process is in the changing 
criteria for drinking water quality. In the last 40 years several 
adjustments have been made, with one in the offing for 1960 or 1961. 
I would say that the average citizen in the United States is completely 
unaware of what the water criteria are. He simply assumes, and I 
think he rightfully should, that if he opens a spigot anyplace in 
the United States on a public water supply, it ought to be fit to drink, 
it ought to be palatable and attractive and without hazard. This is an 
assumption which I think he tacitly makes, and it is an assumption 
with which he should be completely unconcerned. 

A more striking example of the difficulties confronting the criteria- 
maker is in the field of food additives. With their rapidly increasing 
number and the tremendous gap between understanding of effect and 
public health hazard, years will undoubtedly elapse before the marriage 
of empiricism and scientific accuracy is dissolved. 

Even in the assumed understanding of toxic chemical behavior, 
much remains to be learned by the toxicologist, physiologist, and 
hygienist. The responsible health officer, however, cannot wait upon 
perfect knowledge before interposing barriers between man and indus- 
trial poisons. He moves with.the best at hand, always paying a price 
for overestimating or underestimating hazard. He is perhaps our 


prime exponent of one who must. act prayerfully in the absence of 
all the data. 
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This I should underline several times. Regardless of what profes- 
sional advice there may be, those responsible for the protection of man 
in our country will have to accept criteria and behave on them even 
in the present unsatisfactory state of understanding. 

(6) The development of standard techniques of measurement has 
had full value even though this standardization also tends to stultify 
scientific advance. When the advantages are weighed against the 
chaos of dissimilar techniques of measurement, which preceded stand- 
ard methods, the balance is undoubtedly on the side of a common 
language. 

In the standardization of methods of water and milk analyses, it 
should not be forgotten that much scientific work, but not all, was at 
hand for this step. One of the significant provisions in the activity 
was for continuing revision by carefully established machinery—a 
frank recognition of a moving science and art. These successful re- 
visions span half a century. The procedure has valuable lessons for 
the radiation field since voluntary professional societies in the United 
States dominated this contribution. 

(c) Criteria to og administrative practice have been used with 
caution in the public health field. Appraisal sheets, coupled with 
assessments of current practice, have had variable results even when 
issued by voluntary groups. The fear of freezing practice, paralleled 
by the desire to facilitate intelligent administration, have been the 
characteristics of such excursions. The appraisal sheets have provided 
aids to improved coverage in public health and have not proven too 
resistant to new knowledge. Again relative success with standardizing 
practice is due in great part to the concomitant provision of machinery 
for continuing revision of the bases for appraisal. 

(d) How has the health worker balanced criteria against risk to 
life? The past record of public health accomplishment, of which one 
has reason to be eminently proud, is singularly devoid of such quanti- 
tative evaluations. I think you could search high and low to find a 
parallel to the efforts we have noted in the past few years where you 
are attempting to equate life with dollars. 

The fact that the American public lives in one of the highest pro- 
tected public health environments in the world is not contested. That 
this is the result of the composite of public health measures, standard 
of living, genetic influence, and other factors is likewise true. 

But the saving of lives and the extension of life have been the result 
of public health practices to a significant degree. It must be recog- 
nized, however, that the guiding principle that public health is pur- 
chasable was a qualitative philosophical precept, rarely a quantitative 
equating of protective criteria against loss of man or dollars. Efforts 
at the latter equation have not been rare, but quite unimpressive in 
general impact either upon the people or their legislators. I can 
speak feelingly about this because in my appearances of some 40 years 
before various assemblies it is rare that 1 have been able to convert 
them to any public measure on the basis of a statistical table which is 
often not impressive but often unintelligible and is highly emotional. 
They are rarely interested, as I point out here, with the effort of meas- 
uring the economic value of the newborn babe, but the western accept- 
ance of the general obligation of society to prevent disease and death 
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is the prevailing one. This differs a great deal with other parts of the 
world, but again not as much as we might suspect. 

It is only with the search for criteria for radiation limits that one 
finds suggestions that it should be permissible to kill people to attain 
benefits to society. This has undoubtedly been in the minds of all 
criteria makers, but rarely has it reached the frank and stark pro- 
nouncements of recent years. 

(e) Has there been a discernible factor of safety in public health 
criteria invariably in favor of the public? The answer is unques- 
tionably “Yes,” and the factor of safety has always been large. 

This principle is well illustrated in drinking water quality stand- 
ards to protect man against typhoid fever, the dysenteries, infectious 
hepatitis, cholera, et cetera. Obviously, the best criterion of the dan- 
ger of a public water supply of inferior quality is the undertaker’s 
certificate that the man is dead and that epidemiological evidence con- 
victed the water he drank. 

The health officer did not accept such a criterion, specific and quanti- 
tative as it was. It was not sufficiently prompt and did not provide a 
wide area of protective safety. He chose to widen this area immensely 
by moving to far less specific criteria with broad empiracal relation- 
ships to disease. The index preferred for half a century was the coli- 
form group—nonspecific, even generaly nonpathogenic, and only a 
qualitative indication of a “climate” of unsafe quality. I stress this. 
It was a broad criterion and not a detailed, specific one. It has 
served its purpose beautifully as a striking example of intelligent 
empiricism preceding more veined measures of risk. Fortunately, no 
easy method of detection of the specific typhoid bacillus was available 
30 years ago, because its adoption as the universal indicator would have 
narrowed measurably the area of safety for the consumer. 

It is not an unmixed blessing that already the radiation industry 
is plagued in fixing criteria by a startling multiplicity of specific nu- 
clides and their effects. I think the committee has already sensed 
that something might be done about this in its suggestion, which paral- 
lels my own, that another look at the value of gross criteria may be 
warranted, not because they may be more intelligent to the citizen 
but because they may be more easily entered into administrative prac- 
tice. This multiplicity, of course, is a matter of concern to everyone 
of the radiation people who have done, as I said, a superb job of their 
evaluation, with all of the obstacles, scientific and otherwise that they 
had. 

The factor of safety was even more enlarged by the essential appli- 
cation of administrative judgment. Water quality appraisal was a 
composite of understanding of heredity or origin of source, environ- 
mental adjustment or treatment, and of final product. The equilibra- 
tion of these three factors was a sine qua non of assessment and de- 
pended upon professional proficiency. There were always those, of 
course, who looked to a single quantitative unit for appraisal. These 
in fact did damage to administrative justice by attempting to over- 
simplify the complexity of interpretation of many criteria. We are 
between this upper and lower millstone in the radiation field where 
we want simplification but we cannot ignore that this is still an area 
of judgment and nothing else. It would be hazardous and, I think, 
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almost calamitous to try to have a handbook formula which everyone 
on the street could use. Itis notin that condition yet. 

(f) The march of scientific understanding pressed toward ever- 
more dramatic hopes in public health. Shifts in objective toward 
even lower death rates were the symbols of practice as the means 
for accomplishment became more evident or were created. For exam- 
ple, in the 1920’s a residual typhoid fever death rate of 10 per 100,- 
000 was assumed to be inevitable. Less than this was “impracticable” 
to attain. Yet public health measures were persisted in so that the 
typhoid death rate last year in the United States was one-hundredth 
of this figure. Was this desire to save lives foolish? It is to be 
doubted. 

We have one of the lowest typhoid death rates in the world. We 
simply ignored the lower level which could not be depressed lower. 
It turned out to be untrue, which is something that might be borne 
in mind. 

(g) Were the results of continually higher standards for health 
protection unduly costly in dollars? It is rare to have encountered 
public or private agencies in the past which did not plead poverty 
and excessive costs of corrective. History shows that the public 
health demand for pasteurized milk was consistently opposed because 
capital and maintenance costs would price milk off the market. It 
is a credit to industry that it meets such challenges while at the same 
time fighting them. 

Improved water quality has moved forward rapidly at remarkably 
low cost, because the technologist has been able to design, construct, 
and operate plants meeting ever-increasing and more rigid criteria. 

Fear has been expressed that the establishment of too rigid criteria 
for the radiation activity may stifle progress because of excessive 
costs of attainment. One may view this fear with some cynicism 
in the light of the whole history of health and safety endeavor. This 
fear has always been expressed, but the historical reality consistently 
belies it. Criteria must rest upon public health protection and not 
cost. 

No one, of course, should advocate excessive and unnecessary re- 
straints. Those restraints most logically suggested, however, within 
the framework of current scientific understanding should not be 
resisted soley because resulting costs may threaten to throttle applica- 
tion. This should be scrutinized with a great deal of care before it 
is accepted as your baseline of decision. 

Now I come to the very brief implications in the field of radiation. 
The lessons of the past in general health and safety practices are 
easy toread. They are characterized by moving empirical decisions, 
by eternally persistent reappraisals, by consistently giving the public 
the benefit of doubt, by an ever-narrowing gap between knowledge 
and application, by qualitative rather than quantitative slide-rule 
assessments of hazard, and by objectives of reducing disease and 
fatality to a vanishing degree and not to a preconceived notion as 
to how many people we have a right to kill. The reasoning has never 
been Semmes or accepted that the goal for reduction of coronaries 
should be the number of violent deaths we insanely accept on the 
highway. I might interpolate here that, from my point of view, the 
highway deaths annually are not a goal; they are a disgrace. They 
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are a true indication of the failure of public health practitioners to 
either assess, diagnose, or put into position corrective measures. This 
should not be held out now as the ene by which we should measure 
other hazards to people. Such subtleties of philosophical irony, if 
invoked, would cost many a health officer his job, and should. These 
are not the kind of criteria that public health practitioners have ever 
used, and I hope never will. 

The radiation field is today confronted with similar problems and 
decisions, greatly complicated by the very nature of the biological 
effects to be cuaaied: The somatic and genetic resultants are un- 
clear and not fully predictable with assurance, perhaps for some 
years. Yet one cannot bide one’s time in placing restraints upon the 
oublic and private producer. These latter do not have an unblem- 
ished record of self-policing. Hence society must look to scientific 
groups and public officials for providing criteria and guides, at times 
admittedly uncertain, at others admittedly tentative. As knowledge 
increases, reappraisals ensue, either for relaxation or for tightening 
of criteria. These supposedly fumbling steps have much historical 
validity and precedent in public health practice. They are unpal- 
atable to the precisionist and to many others seeking to find formula 
in place of evolving judgment and declining ignorance. 

The day of handbook rule for measuring the hazard of radiation is 
a long way off. In the meantime one acts upon limited knowledge. 
In such action the guilding principle must be the maximum protec- 
tion of people, not because of sentiment but because society demands 
it. An agreed acceptance of a number of consequent disabilities is 
not an appealing basis for the development, say, of nuclear power. 
Industry will do better than rest upon such an affront to man. I 
know they will, and have. 

Whether the costs of protection will prove to be exorbitant, it is too 
early to predict. All radiation effort 1s in evolution and consequent 
costs are still high. It is not unreasonable to anticipate that all such 
costs will decline. With this decline, costs of built-in health and 
safety measures will also fall. The past record amply justifies such a 
prophecy. 

Tn the interval during technological advance one might profitably 
follow the wise conclusion Lauriston Taylor so well states in the con- 
gressional print (Preprint) page 238: 

* * * we have a deep moral responsibility to make certain that the problem 
does not become a critical one for those that follow us. We are thus inescapably 
compelled to consider, and consider carefully, the question of the long-range uses 
of all radiation sources whatever, to be certain, first, that any level we set is 
not seriously exceeded, and, second, to be certain that no one source causes us to 
use up our exposure allowance at the expense of other uses, which may in fact 
be more essential to our overall health and well-being. 

Representative Horirrerp. Thank you, Dr. Wolman. Certainly 
that was one of the most interesting statements that the committee 
has ever heard. I know there are some points about which they will 
want to question you. 

Mr. Price. 

Representative Price. Mr. Chairman, I was just reading where the 
doctor says that experience has disclosed that where such criteria 
have been frozen into law, revision becomes a heroic effort, Admin- 
istrative rule is by far more flexible. 
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I was trying to place that thought with the end of your statement 
which I thought was exceptionally good—your statement was all good. 
You mean that you would not advocate or propose that we deal with 
this area through legislation at this stage, or soon ? 

Dr. Woitman. Let me say this. I do not feel that it should be trans- 
lated, at least the criteria should not be translated into law or legis- 
lative action. My reason for this is, as I have pointed out, that this 
is moving, even with some rapidity, in adjustment to the criteria and 
much more important in the flow of new experimental and observa- 
tional knowledge. We have here the rather general agreement of most 
of the material in the testimony, that it is only by such extended 
research that the criteria become not only more refined, but more intel- 
ligible and even more appropriate. I would prefer—and this rests 
on all of our previous public health experience—that where you freeze 
criteria into law, you freeze the present known knowlege which in 
almost every instance is inadequate. Then it becomes very difficult to 
unfreeze it. It may be either too rigid or it may not be rigid enough. 

Representative Pricn. I recognize that as a problem. I think the 
committee does also, because we have been studying this matter for 
several years now. But there is also the other side of it, that if it is 
allowed to go too far or too long, the economic pressure that might 
build up industrially, and so forth, might make it more difficult to 
eventually enact adequate legislation. 

Dr. Wotman. You may never have to. 

Representative Price. I am only thinking out loud. I have been 
thinking of the previous experience in this field. 

Dr. Wotman. You may never have to set it up or translate it into 
legislation. I am speaking of the criteria. You have established in 
our society administrative units in order to exercise this flexibility, 
this continuing adaptability to new knowledge. That is why you 
establish them. You did not say to them when you established them 
or at a subsequent time that the criteria under which you will have 
to function in the radiation field, or in the toxic industrial poisons 
field, that you will have to work within these limits of application 
of criteria, because if you did, you are doing something that you are 
not prepared to do, first, in the light of scientific knowledge, and, 
second, you should not do it even if the present knowledge gave you 
some guarantee, which it does not. In our whole history of criteria, 
such as the toxic leads or the mercuries, we have Jearned more about 
them and their effects on man as time went on. It would have been 
a mistake to have frozen them into a legislative act. It takes 10 to 15 
years to change a legislative act. You can change the Federal Regis- 
ter, we hope, as often as the new knowledge warrants the change. 

I add a second point. I emphasized it in the paper and I think 
many of the other speakers have. Voluntary scientific groups are 
eternally reviewing criteria in any field. They are on the alert and 
always have been in determining when a criterion ought to be changed. 
They do not have the power of law, but I think they have an even 
greater power of scientific influence on the administrative agencies. 
Where the administrative agency does not establish the criterion, 
because many of these in public health fields are established by volun- 
tary associations of a professional nature, they don’t find their way 
either into law or into current Federal or State or local administra- 
tive decisions. 
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Representative Price. Doctor, there is a law pertaining to the 
mining industry for the control of hazards, on the control of silicosis, 
and so forth. Are those based on law? 

Dr. Wotman. They are based on law. You give the power to the 
administrative agency. You may spell out not the criteria, but the 
attempts at performance. If you do that, then I am not against it. 
You 7 ll leave to the administrative agency the exercise of the ap- 
plication of criteria. 

Representative Price. You use as an example here the various laws 
enacted by local governments in the handling of milk supplies and 
water, and the great work that has been done there. I read that with 
a great deal of interest, particularly in the handling of supplies that 
come in from the various milksheds throughout the country, and how 
the local communities have dealt with them. I think you gave far 
too much credit to some people and not enough credit to the public 
health officers who fought this battle for years against great pressures. 

Dr. Wortman. They fought it, but it was not the law itself which 
did it, except that portion of the law 

Representative Price. I don’t think any of those laws were enacted 
without much pressure against them. 

Dr. Wotman. No. 

Representative Price. Not a one of them. 

Dr. Wotman. I say not a one of them. 

Representative Hottriecp. If the gentleman will yield, aren’t you 
really saying that you are against the rigidity of law, rather than the 
basic authority of law ? 

Dr. Woiman. Let me make this positive, Mr. Chairman. 

Representative Horirtetp. As I listened to Mr. Price, and he comes 
from a mining district—of course, we have mining in California, too, 
not particularly having silicosis danger that they have in coal mines 
it seems to me as I read through some of this that there has always 
been a lag in the implementation of standards after scientific data had 
been established. There has not only been a lag of understanding, 
but there has been a deliberate fight against the establishment of these 
standards because of the economic factor. Dairies did not want to 
have their milk made pure because it cost them money to handle it in 
the way that would keep it pure. Water supplies were not purified 
because it cost money to do it. You always had a financial interest 
in the community which fought the general welfare. You have it 
today. 

Dr. Worman. Let me speak of two lags and then let me come back 
to your point. 

Representative Price. This becomes a matter of timing. We don’t 
want this to get so far ahead of us so that we cannot take the neces- 
sary and adequate steps for the protection of the public. 

Dr. Wotman. Let me say this positively in answer to the chair- 
man. I would not want it understood that I would suggest that you 
should not have legislation empowering the appropriate agencies to 
control this field. I want to make that clear. I think you must have 
that. If you go back into the milk and the quality of water and food 
additions or food control, your legislation in general authorized your 
delegated agencies to exercise control in those fields. It did not, by 
and large, specify the criteria by which that professional judgment 
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was to be guided, which is what I am trying to say. I have a case in 
point right here. ; 

Representative Horirrecp. That is the way the Atomic Energy 
Act is written at this time. 

Dr. Wotman. That is all I am saying. 

Representative Horirretp. There is a tremendous amount of au- 
thority placed in the Atomic Energy Commission. 

Dr. Woitman. That is right. Tt would have been unfortunate if 
you said to them in addition your criteria for this and this should 
be such and such. 

Representative Hortrierp. Aren’t we justified in pushing forward 
the establishment of understandable criteria and safe criteria in their 
administrative function? 

Dr. Wotman. You are justified, undoubtedly. Perhaps the only 
point I would stress is that you have to have an ingredient of high pa- 
tience in the establishment of the criteria because much as we may 
be disconcerted by the absence of scientific understanding, this hap- 
pens to be a reality. I know of no way to dodge it. I say we accept 
that reality. That does not mean that the public—and I speak of 
the public whom you represent—should not be eternally alert to the 
necessity of developing the criteria and eternally alert to the basic 
principle you spoke of before. 

Representative Hortrretp. Let me ask you, if a great deal of this lag 
in other areas of health protection—and I want to compare for the 
moment and I want you to be real frank with me in your answer— 
with the handling of radioactive material. This committee has been 
constantly on the alert in its various subcommittees to this problem. 
We have pushed these hearings and prepared this material and other 
studies, with the idea in mind of rapidly collecting and disseminating 
the knowledge in this new field so that it would not take us 40 or 50 
years to arrive at a comparative position of safety, such as we did in 
the water field, There was no congressional committee snapping the 
whip on milk or on water. It was left more or less to grow like Topsy, 
you might say. In this field you have had a congressional committee 
that has been alert to this matter and has been pushing all the time 
to get to the goal that we have arrived at in the case of public water 
and public milk supply. 

Dr. Woman. Your description is accurate, and I might summarize 
it from my point of view. I think the radiation industry has been 
subjected to much more attention, much more detail, much more 
scrutiny, than any that I am aware of. That has its positive values. 
It also has some negative values, in the sense that you must parallel 
that scrutiny and that interest with a very rapid increased drive to- 
ward scientific understanding and evaluation. I would say that drive 
is the one, as Dr. Parker and others have pointed out, perhaps which 
lags somewhat behind, may inevitably have to lag behind, because it 
is a very complicated area of scientific inquiry. But to say over the 
last 10 years or over the last 12 years, I think this radiation field has 
had more interest, public discussion, and more scientific curiosity and 
development than any I know. But I keep reminding all of us that it 
is still in the position where it has to act empirically with the best of 
the present knowledge. I am trying to say that I hope no legislation 
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would be so passed that would hamstring that particular endeavor. 
It does not refer at all to the authority for control. 

Representative Price. That is all I have, Mr. Chairman. I would 
like to say that Dr. Wolman has presented one of the finest and most 
interesting papers I have ever seen presented to this committee. 

Representative Hourriretp. Mr. Hosmer. ; 

Representative Hosmer. Dr. Wolman, I thoroughly agree with your 
plea for the use of quality as against quantity as a philosophical 
approach to the establishment of standards. What bothers me is, can 
you do it in all instances ? 

Dr. Wotman. Mr. Hosmer, this has bothered us all throughout our 
administrative practice. I merely add a personal note here because 
my biography would indicate I am a professor, but I had 25 years of 
administrative responsibility prior to that time. I don’t know 
whether that ruins me as a professor or improves me. But I make 
the statement in answer to your question. This has bothered admin- 
istrators all the time. One naturally is always searching for a cer- 
tainty of criteria which would ease your administrative decision. I 
might make an analogy with the practice of the physician, for ex- 
ample. He has a stethoscope and a thermometer, and today he has 
myriads of laboratory aids. But our best physician, in general, when 
he takes all these together, he then interprets them on the best of his 
professional judgment. This is the kind of a physician we are always 
looking for. So I know of no scientific field in which the man’s judg- 
ment does not come into play. 

I also have the feeling in all of public health, and in radiation 
particularly, that we are nowhere near the position where we can 
place before the administrator quantitative criteria which require no 
thought or no judgment. We know some administrators who would 
like that. I don’t think it exists. Iam not so sure I wish it were true. 
I think it would be almost as bad as the other way around. 

Representative Hosmer. I suppose there is a difference between 
disease and accidents. You can prescribe qualitatively for the com- 
plete elimination of disease, but in connection with accidents, I would 
rather assume that is an unachievable goal. 

Dr. Woiman. No. It is a qualitative one again. If you look at 
any of the accident fields, which we are increasingly looking at, you 
find you have what I call an epidemiological approach, which is an 
assessment of why these accidents occur, whether in the home or on 
the road or anywhere else. Then you say, what are the correctives or 
modifications, as you do in the radiation field, in design, in construc- 
tion, and very significantly in operation which will reduce those levels 
of accident ? 

Representative Hosmer. But at some point you reach an irreducible 
minimum. 

Dr. Wotmayn. I purposely pointed out that I don’t know what that 
point is. If you look back into the history of disease, for example, 
you will note 30, 40, 50 years ago, two things. With tuberculosis you 
1ad no right to expect that you would ever get it down to a death rate 
of 100 per 100,000. Nobody could have been further from the truth. 
If you move to another country, the irreducible minimum for typhoid 
fever is today 20 per 100,000. Your health officers in that country 
assume that is the irreducible. I assume he simply has 50 years to 
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make up. I hope, as the chairman does, he makes it up in a hurry. 

Representative Hosmer. In your own activity, however, coming 
down here from Baltimore, assuming that your home is a safer place 
than the highway, you assumed some additional risk by coming down 
to this hearing. But you felt it was a risk which was acceptable, be- 
cause of the benefits that your testimony would give to your fellow 
man. You did that, did you not? 

Dr. Wotman. I do that, and I assume a risk, of course, 24 hours a 
day whether I am moving, whether I am standing still, or whether I 
am lying down. My simple plea is that we should not fall into the 
fallacy—first of all, I don’t believe that society would accept it—that 
we are now beginning to measure a calculated risk and that will be 
the effort toward which we will do our job. This is all I am saying. 
There is no question at all, Mr. Hosmer, that we will have not irriduc:- 
ble minimums in the radiation field, but that we will have levels that we 
may never be able to depress. I would like to see that level depressed 
as low as our public health desire may be, second, as I feel confident 
it could be, within the limits of reasonable economic cost. 

When it is said, for example, that we violate certain criteria in the 
mining trade, that is not because of economics. I merely intrude 
with that because your chairman brought it up. In those situations 
that risk was exercised because of probably poor managerial atten- 
tion. I do not like to see it put on the fact that it would have cost 
more to do it. I would commend to the committee, incidentally, on 
this cost-toxic relationship, that you take off your shelf the volume 
by Alice Hamilton on “Industrial Poisons in the United States.” 
This is one long rehearsal of the battle between dollars and lives. 
Our industry has demonstrated that it is possible to save lives and still 
compete in our market. 

Representative Hosmer. Thank you. 

Representative Hoxtrretp. Mr. Bates. 

Representative Bares. Dr. Wolman, several places in your state- 
ment you referred to empirical decisions. Of course, those could be 
formulated either through accidents or research. It seemed to me— 
and I am relatively new on this committee—that the overabundance of 
caution which has characterized this whole program is quite the op- 
posite, the antithesis of the empirical standards which have been set 
in so many other fields. I have never seen a parallel quite like this 
one that has been set up in the atomic energy field. 

Dr. Woitman. I think that is undoubtedly true. I think the record 
is superbly good because of that. It is also true, however, that this 
is an area of impact biologically which you have never seen a counter- 
part of. 

Representative Bares. Potentially. 

Dr. Wotman. I say potentially. It is to the credit of the radiation 
industry that it has done this superb job, a superb job incidentally 
which is not matched in other fields of radiation over which the Atomic 
Energy Commission does not have jurisdiction. We have no major 
basis for being too proud of radiation applications in certain other 
fields. 

Representative Bares. As you used that word, you were merely 
indicating that in formulating standards, generally, this was a method 
that was ordinarily used. But you did not want to leave the inference 
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that the empirical method was ordinarily used in this particular field. 

Dr. Woman. No. 

Representative Bates. It is quite the opposite. 

Dr. Wotan. I say it is partly used in this field. It has proceeded 
to apply it, with caution, conservatism, and care for the very quotation 
that I had from Dr. Taylor, that you could not do anything else in the 
broad area of unfilled knowledge. The job has been remarkably good 
because they have erred as I put it on the side of the worker and of 
the public. 

Representative Bares. Many of the excessive costs which we have 
for reactors, et cetera, are attributed to this factor of excess caution. 

Dr. Wotman. Let me say a word about that. I am not convinced 
that 10 years from now that will prove to be the case. 

Representative Bates. Why do you say that ? 

Dr. Wotman. I feel that this is common not only to the health and 
safety aspects of your reactor design, but it is common to the whole 
design of the reactor. This is an expensive operation which is gradu- 
ally getting cheaper. If it parallels industrial development, as I am 
certain it will, in all other fields, this will be done both better and 
more cheaply. The ratio of the protections that are needed, built 
into the design and the construction and the operation, will not in- 
volve disproportionate costs. 

tepresentative Bares. Yes, but at a given point of time, at this 
time, certainly it is. 

Dr. Wotman. At this time it not only does play a significant cost 
aspect, but I add that most workers in the field feel that it has to. 

Representative Bares. Over a period of time, if you did not exer- 
cise this caution and you had extreme setbacks that would be a cost. 

Dr. Wotman. The point the chairman made, if you had a major 
setback because you did not do this, your atomic energy industry 
would be set back 25 years. I am positive it would. 

tepresentative Hourrreip. I am sure that the whole history of con- 
trol of the development of atomic energy is going to be looked at some 
day as one of the real model ways to handle a new and startlingly 
different breakthrough in science. 

Dr. Worman. No individual, Mr. Chairman, whether he is a physi- 
cist. or whether he is a biologist or a radiologist, is willing to assume 
on his own shoulders the support for relaxation. You cannot much 
blame them. 

Representative Horrrrerp. I was thinking a moment ago that you 
spoke so truly that in this particular reactor industry, the handling 
of radioactive materiai that comes under the jurisdiction of the AEC 
and the Joint Committee on Atomic Energy, you had a remarkable 
record of safety as compared to other forms of radiation. The thought 
just occurred to me that if there had been some group of scientists, 
or maybe some Government agency or some legislative agency, such 
as this, that had been concerned with the X-ray machines at the begin- 
ning and had really studied and done the research and development 
work on that, the chances are that the history of damage which is 
completely incalculable and unknown as the result of unwise use of 
shoe-fitting machines and faulty fluoroscopes and faulty X-rays, obso- 
lescent types of X-rays, that are still being used in some places today, 
and inexperienced technicians handling them, would not have occurred. 
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Dr. Wotman. Anybody can buy any kind of a radiation machine 
he would like to buy and he can use it almost without any restraint. 

Representative Hoxirrevp. I daresay that there has been more 
somatic and genetic damage done by these types of devices than has 
occurred in the atomic radiation field. 

Dr. Woiman. There is a good side to this. The emphasis on the 
atomic radiation field, or that industrial complex, has had a tremen- 
dous influence on collateral fields where control has been very, very 
small. It has brought it into the open. 

Dr. Turner. In considering radiation hazards in the light of past 
experience with other hazards, is there any peculiar or particular 
property about radiation as opposed to other hazards which you would 
admonish one to consider in setting standards? I am thinking of 
possible genetic effects or a physical process involved in radiation 
damage which is not realized in other types. 

Dr. WoLmAN. There are a number of significant differences, not only 
in the total complexity of the biological effects, but in the fact that they 
have secondary and tertiary effects which are certainly not measurable 
at this time and on which more light may be shed. They differ to 
that extent from most of the other public health problems we have 
had excepting those which are now coming into play in the car- 
cinogens which again are beginning to give us a great deal of con- 
cern for roughly similar reasons. But not nearly as complex as in 
the radiation field. 

Dr. Turner. I thought that was worth pointing out. 

Dr. Wotman. It is important. It is a very much different kind 
of phenomenon and effects. 

Mr. Houutster. Dr. Wolman, I would like to ask you one or two 
questions to pinpoint the implications of your statement. 

The first one you may almost consider unfair, but consider yourself 
free to answer it in any way you wish. It seems a reasonable suppo- 
sition that the United States could at any time over the last several 
years have decided that simply by an increased expenditure of money, 
no new technology, it could have conducted all of its weapons tests 
in the Pacific instead of conducting them alternately in the Pacific 
and Nevada. In terms of your philosophy of not equating risk and 
dollars, what would you say about such a policy ? 

Dr. Wotman. I would refuse to answer on advice of attorney. This 
is an area in which I have personal feelings and views, but I would 
have no major professional competence. 

Mr. Houuister. Would you go so far as to agree that questions such 
as these force one into the position of equating dollars and hazard? 

Dr. Wotman. It forces into equating not necessarily dollars, be- 
cause I don’t believe that was the particular reason for that kind of 
exercise of decision, good or bad. rf forces you to assess risk versus 
the total benefits other than dollars—dollars also—I would say other 
benefits that would transcend dollars. Here we are talking of calu- 
lated risks which are not at all included in my discussion; namely, 
calculated risk for the defense of our country. I do not put that at 
all in the category of our formal regularizing of practice, not only 
because of my ignorance, but because I really believe it is a different 
kind of problem. 
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Mr. Hoxutsrer. So your statement should be taken within a some- 
what more narrow context than all possible sources of environmental 
contamination. 

Dr. Wotan. Yes. 

Mr. Hoxutsrer. How about a peaceful use of atomic energy that 
results in environmental contamination ? 

Dr. Wotman. I would include within the philosophy of my paper 
all peaceful uses of atomic energy, even though they may use detona- 
tions of hydrogen bomb type or any other. 

Mr. Hottisrer. Would your philosophy say that a project such as 
as, if it leads to exposure of individuals should not be under- 
taken ? 

Dr. Wotman. I think, before such decisions are arrived at, it should 
have the impact of the finest kind of public health interest and 
action. 

Representative Hotrriexp. I might say for the understanding of the 
audience that the reference to Project Chariot was the proposed 
detonation of a nuclear explosive to create a harbor in Alaska. This 
is just a proposal. It is not at this time a funded or planned opera- 
tion. 

Dr. Wotman. The question is a little difficult for me to answer for 
another reason. I happen to be on the advisory group to the AEC 
for such peacetime detonations for harbormaking or otherwise. 

Representative Hoxirreip. You are also on the reactor safeguards 
committee and I understand yeu have recently been appointed as the 
chief executive in that field in Maryland. 

Dr. Wotman. Yes. 

Representative Hoxirrecp. For which we congratulate you. Are 
there further questions ? 

Mr. Hot.isrer. I would like to change now, Dr. Wolman, to this 
question. You emphasized that the philosophy in developing water- 
control standards has been to get palatable pure water. Yet the peo- 

le who are worried about radiation would come back to you and say 

ere is a case where water standards and radiation hazards are mixed 
because we have some water that has radium in it, and would not be 
considered to be without hazard by some people. What would you 
say to this? 

r. Wotman. The answer to that is quite clear and quite simple. 
The evaluation of those waters from a public health standpoint is 
underway, as you know. The revision of the public health standards 
of quality for water are likewise under revision, and will take into 
account these permissible criteria for radioactive materials. I should 
say, because I think the record should be clarified on this, water qual- 
ity safety has never been the equivalent of distilled water. For 
another reason, distilled water is unpalatable and society does not 
like it. So if we have distilled water, we put materials back into it 
so that you will drink it. I mention that because we do, as you do in 
the radiation field, keep certain minimum values which you cannot 
escape for one reason or another. 

Mr, Hotutster. I would like to ask one more question, Dr. Wolman. 
Do you believe that different hazards, accidents, one kind of disease, 
another kind of disease, should be regarded independently as far as 
the expenditure of money is concerned? For example, the Public 
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Health Service officer knew that he could cut the Nation’s death rate 
by withdrawing expenditures from one area, let us say, coronary dis- 
eases, and spending it on automobile accident prevention. Is this a 
concept that you would envision ? 

Dr. Wotman. This is a very interesting question in administra- 
tive practice. The intelligent health officer is always torn between 
what he is going to do with the limited amounts of money he gets. 
He makes selections all the time as to the areas he is going to attack. 
He makes that selection often on what does he know about the area 
he is going to attack and what probability of success he is going to 
have with it. 

In the accident field until very recently he has avoided it, first, 
because of its complexity; secondly, because of definition; third, be- 
cause he thought everybody in the highway business was worrying 
about accidents, which is not quite true. But he is moving into those 
areas for one simple appraisal that he always makes. What is the toll 
of death. What is the toll of disability? In the highway accident 

roblem, the toll of disability as you know is astronomical. He moves 
into those because they become matters of great public health con- 
cern, perhaps belatedly. But he has to enter them in order to find out 
whether the same kind of tools and philosophy applied in other more 
familiar disease areas are not more applicable and promising. His 
choice is not on a slide-rule basis. You will find a health officer of 
very fine experience and quality who may be dealing with hairlip in 
New York City because it is appealing to a certain number of moth- 
ers. Its relationship to total disease and disability and death may be 
infinitesimal. It is a concession which I hope we always make to 
people’s desires. 

Mr. Hotutster. This notion of allocating budgets does again to 
some extent force the Public Health Service officer to tie risk and 
dollars together, in a different sense. 

Dr. Worman. Let me put it this way. He ties risk to potential of 
accomplishment. I know of no record in which it is explicitly set 
forth that he ties risk to dollars. 

I could give you a great many papers on evaluating the dollar 
value of man. They have a singularly unappealing attraction to 
anybody, particularly to the man who is to be killed. Singularly un- 
appealing. That is all I am saying. 

Representative Horirrevp. It is rather an indictment of our society 
to a certain extent, maybe a lesser indictment than other societies we 
know, that many times the problem of dollars makes dollars more 
important than human life. 

Dr. Wortman. I merely say that in this field precept should be 
scientific and not economic. Then you go into your economic opera- 
tion to determine how well your precept can be applied. That is all 
T said. 

Representative Hortrretp. This becomes a value judgment. 

Dr. Wotman. Yes. 

Representative Houirtetp. At this time we will make the announce- 
ment that we will have to give up this room this afternoon for another 
committee. We will be in room 457 of the Old Senate Office Building. 
We will gather there at 2 o’clock and Dr. Walter Selove, Department 
of Physics, University of Pennsylvania, who was slated for this 
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morning, will be our first witness this afternoon. We will have a 
very interesting roundtable in which Mr. Parker, Dr. Wolman, Dr. 
Selove, Mr. Taylor, Mr. James Terrill, Dr. K. Z. Morgan and Dr. 
Charles R. Williams will participate. Just preceding the round table, 
Mr. Lauriston Taylor will also be a witness. 

(Thereupon at 12:30 p.m., a recess was taken, the subcommittee 
to reconvene at 2 p.m., in room 457, Old Senate Office Building.) 


AFTERNOON SESSION 


Representative Hotirretp. The committee will be in order. Some 
of our members will be late. We have the appropriation bill on the 
floor this afternoon for the Atomic Energy Pema We will 
start out with Dr. Walter Selove. Dr. Selove, will you please come 
forward, 


STATEMENT OF DR. WALTER SELOVE,' UNIVERSITY OF 
PENNSYLVANIA 


Dr. Sevove. Mr. Holifield, I want to thank the Joint Committee 
for inviting me to participate in these hearings again. I am not 
connected with any governmental group which has studied radiation 
hazards or standards, but I have been associated with a group in 
the Federation of American Scientists, which for the past several 
years has concerned itself with trying to understand and to help 
communicate to the public the nature and extent of radiation hazards 
both from fallout and from other sources. 

The subjects covered by these present hearings are very broad and 
[ am going to confine my remarks to just one aspect of the problem. 

Let me say at the start I think there are two kinds of radiation 
hazards that are really different from the other low level widespread 
radiation hazards that we have to be concerned with. These two 
types are, for one, medical radiation, and for the other, radiation 
from fallout. Each has its own special problems. 

I propose to discuss here just the problem of radiation from fallout 
and the extent to which radiation standards or radiation guides can 
be applied to fallout radiation, and the nature of problems created if 
we find fallout levels exceeding some previously set tolerance level. 

The two major points I want to focus on as listed in this very brief 
outline are, first, that acceptable levels or tolerance levels for radia- 
tion, which are established for other purposes, such as radiation 
produced by industrial processes, acceptable levels established for 
other purposes cannot be applied in any simple way to fallout. 
There are considerations that go into establishing acceptable levels 
for other purposes, considerations which are useful when one con- 
siders the fallout problem. But one cannot take over tolerance levels 
established for other purposes in any direct simple way. 


1 Date and place of birth : 1921, Chicago, Ill. 


Education: Bachelor of science degree, physics, University of Chicago, 1942; doctor of 
philosophy degree, physics, University of Chicago, 1949. 

Work history: Assistant instructor, University of Chicago, 1942-43; staff member, 
M.I.T. Radiation Laboratory (radar), 1943-45; National Research Council predoctoral 
fellow, 1946-47; physicist. Argonne National Laboratory, 1947-49; instructor, assistant 
professor, Harvard University, 1950-56; on leave, University of California radiation labo- 
ratory, Livermore, 1953-54; member, editorial board, Review of Scientific Instruments, 
1955 to date; National Science Foundation senior postdoctorial fellow, 1956—57; associate 
professor of physics, University of Pennsylvania, 1956 to date. 
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The second point I wish to make is that the proper authority to 
take responsibility for deciding what is or is not an acceptable level 
for fallout is, in my opinion, the Government, and cannot be any 
other body, either any agency of the Government or any private 
organization. It must be the Congress and the administration itself, 
us representatives of the public, which takes on the responsibility. 

Let me carry out a bit of a discussion on these points. First, the 
problem of balancing benefits against risks for radiation. I was 
impressed in looking through some of the material in the preprint. 
I did not have a chance to read all of it, but it is a remarkable col- 
lection of very useful material. One thing that impressed me greatly 
was the number of separate writers who quite independently made 
the point that in trying to balance benefits against risks or against 
damage from radiation, scientists should not be given the responsi- 
bility solely. The responsibility should not be put solely on a grou 
of scientists. Many other factors enter, as has been toahaaial 
earlier in the talks today and emphasized in many articles in the pre- 
print. Many other sociological and economic factors enter. Deci- 
sions as to an acceptable level altogether have to be made by a broad 
body of people representing all interests in the public and not just 
by a group of scientists. 

In the case of fallout in particular, I think one of the greatest sources 
of confusion in the public in the past has been that governments have 
appeared to take recommendations as to acceptable levels which were 
established for purposes other than fallout, and to apply these accept- 
able levels to the problem of fallout. As a matter of fact, one has 
seen in the testimony in previous hearings and in the material in this 
preprint that the scientific bodies which have been considered the estab- 
lishment of tolerance levels, the ICRP and the NCRP, have been aware 
of the problem of dealing with fallout levels, but have felt that this 
particular problem lay outside their competence, and that it was not 
within the province of the ICRP or the NCRP to try to make the 
balance involved in deciding what is an acceptable level of fallout. 

I note that Dr. Failla in his statement in the preprint says that the 
ICRP finally, because of failure of any other organization in the 
world to take this problem under careful study, decided it had to make 
some broad general recommendation even in the knowledge that these 
recommendations would be applied to fallout, even though the ICRP 
realized that it was not up to a body like the ICRP to make recom- 
mendations as to what an acceptable level of fallout is. 

I think this is an extremely important point and one which has 
caused a great deal of confusion. It has been the principal source of 
confusion in the public, namely, that there has really been no body 
which considers itself to be competent or authoritative in recommend- 
ing what is an acceptable level of fallout. 

Why is it that fallout is such a much more difficult radiation prob- 
lem than other sources of low-level radiation? I have listed two items 
here which I think briefly describe the answer to that question. 

First of all, in tolerating anything which may produce some injury, 
whether radiation from any source, or food additives, one has come in 
recent years to ask the question, what benefits do we get in return for 
this injury? In the case of fallout, coming from nuclear weapons 
tests, there is the most severe kind of disagreement in the public as 
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to what are the benefits of nuclear weapons tests or nuclear weapons 
developments. There is an appreciable body in the public which feels 
that nuclear weapons development is of no use at all. If you take that 
point of view, no amount of radiation is acceptable. 

The second complicating factor which makes fallout so troublesome 
is that the effects of nuclear weapons tests extend outside of the coun- 
try which carries out a given test. So one is affecting not only the 
people in one’s own country, but also people elsewhere in the world. 
Here in the most explicit) way one is faced with the problem that the 
benefits that may result from weapons tests and weapons development 
may accrue to one group of people and the injury, in part at least, to 
another group. That makes it exceedingly difficult to try to balance 
the two against each other. 

I have mentioned that acceptable levels for fallout radiation have 
been drawn by governmental bodies, by this committee itself, for ex- 
ample, from recommendations of such groups as the ICRP, recom- 
mendations concerning the maximum amount or the average amount 
of radiation that people should be allowed to receive altogether. 
Recommendations such as made by the ICRP are based in large part 
on permissible levels for occupational purposes. Now, where a rela- 
tively small group of people is going to be exposed, one can tolerate 
a certain small chance of injury to any one individual, because if the 
total number of individuals is not too large, then the chance that even 
one individual will be damaged can be made quite small. 

On the other hand, when one exposes all of the people in the world 
to some radiation, even if of very Jow level, then a small percentage 
chance that. anyone will be injured can translate into very large 
numbers of individuals who may be injured. I think one should 
draw from this the conclusion that one cannot take levels which 
have been set up primarily for occupational exposure and translate 
them in any simple way whatsoever to derive levels suitable for ex- 
posure of the entire world population. 

Of course, the ICRP has recommended levels which in some cases 
are based not on occupational exposure, but on genetic effects, and 
for genetic effects one does consider the results of exposure of the en- 
tire world population. Even so, as far as genetic effects resulting 
from fallout are concerned, I should repeat again that the ICRP and 
the NCRP have never really felt, so far as one can tell from the pub- 
lic statements, that it was within their province to say whether or not 
a given amount of fallout radiation which might produce a certain 
small genetic effect was acceptable or was not acceptable. The ICRP 
and NCRP have made recommendations as to how much radiation 
we should tolerate as a maximum. It has been pointed out many 
times that the amount of radiation from fallout is exceedingly small 
compared to that maximum and very small compared to other con- 
trollable sources, such as medical radiation. Nevertheless, the cri- 
terion that one should apply in deciding what is an acceptable level 
of fallout is different from the criteria that one should apply for 
radiation from industrial processes and one should examine the prob- 
lem separately. 

There are suitable criteria to use in deciding what is an acceptable 
level from fallout, whether producing genetic effects or producing 
somatic effects. Some of these I list here. It is a useful thing in try- 








48 RADIATION PROTECTION 





ing to decide what is an aeceptable level of fallout to try to make an 
estimate as to how many individuals may be injured by a given level 
of radiation. We have no good scientific basis on which to make such 
an estimate. Nobody knows what the effects of very low-level radia- 
tion are, and it may be impossible to ever find out. One would have 
to run controlled experiments of a type that are almost impossible to 
arrange. The best we can do, then, is to make estimates by extrapola- 
tion from experimental data on animals, data at higher levels of 
radiation, try to make estimates in some way of the number of in- 
dividuals who might be injured by low-level radiation. It is probably 
true that so far as our estimates of genetic effects are concerned, we 
are not terribly far off. We probably have about the right answer. 
It may be that the right answer is 10 times larger than the estimate 
we make, or possibly one-tenth as large, but we are probably within 
that region of accuracy. 

For somatic effects we don’t know. It may be that low-level radia- 
tion produces no somatic effects at all. It appears to be a conservative 
estimate if one assumes a linear type of dose-response curve. One can 
then make an estimate of the number of individuals affected. It is 
essential that we make, no matter how poorly based, an estimate of the 
number of individuals affected. This is one of the most useful kinds 
of approaches one can use, to try to decide whether a given level of 
fallout radiation is or is not acceptable. 

Another useful device or approach is to compare the amount of 
radiation from fallout with the amount that one receives from natural 
background sources. Even more particularly, perhaps, compare the 
fallout radiation magnitude with the variation in natural background. 
People are exposed to natural background all the time. Dzifferent 
people living under different conditions have received quite different 
amounts of background radiation. Certainly if fallout radiation is 
small compared to the variations in background radiation that, at 
least, should convince one that the effects of fallout radiation at that 
level cannot be disastrous. It by no means means that the fallout 
effects are negligible at that level. But this is another useful approach 
to try to put the whole problem in perspective, to compare fallout 
radiation levels with natural background levels. 

Finally, another useful kind of comparison to make in trying to 
evaluate in some way the extent or seriousness of the effects of fallout 

radiation is to compare the effects of fallout radiation, as far as one 
can estimate them, with the effects produced by other low-level wide- 
spread hazards that may also, like fallout radiation, be controllable 
to a certain extent. For example, the problem of food additives comes 
to mind immediately ‘ 

One would ask the question if we are going to put in a certain 
amount of effort into lowering the fallout radiation dose that people 
receive, whether by restricting weapons tests, whether by trying to 
remove fallout radiation from contaminated food, would we be better 
off using that same amount of effort to cut down or at least to study 
more or to police more the effects of food additives. Perhaps we can 
save more people. I think we have seen a very spectacular result of 
this kind in the field of medical irradiation. It is because of all the 
attention that has been directed to radiation as a result of weapons 
tests and fallout that medical X-ray techniques have improved enor- 
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mously in the last couple of years. Certainly a very large number of 
people will be saved io injury as a result of these improvements. 

All these kinds of comparisons, then, I think are things which 
should go into trying to evaluate how serious is a given level of fallout 
and trying to arrive in this way at some estimate of what is or is not 
an acceptable level of fallout. 

If the problem of deciding whether or not to subject the people of 
the country and of other countries to further fallout is one which has 
to be decided at the governmental level, I think all one can legiti- 
mately ask of the Government, of the Congress, or the administration, 
is that it study this problem and present to the public a statement as 
to the decision it has reached and the basis on which it has reached 
this decision. Suppose the Government was to reach the decision 
perhaps to resume weapons tests. If the Government were to make 
such a statement to the public and to include in it a remark or state- 
ment that this resumption is being done in full knowledge that fall- 
out effects will cause a certain amount of injury both to this country 
and to other countries, but that after weighing all of the factors in- 
volved in weapons testing it has been decided that other factors domi- 
nate over the injury produced by fallout, I think the public could then 
have no objection—it would of course vote out those Members of Con- 
gress who supported this decision. 

This is the responsibility of the Government. This is a decision 
that the Government has to make. I think the confusion and the 
objection that has risen in the public is because the problem of fallout 
effects has been in large part minimized by Government agencies. To 
some extent I think one can receive the impression even from the 
material that has been brought out in the hearings that this committee 
has held that the fallout effects, however small, are even so being mini- 
mized still further by some people. Obviously there are many people 
who are deeply convinced that the injury from fallout is completely 
negligible compared to the urgency of nuclear weapons development. 
Those people certainly have a right to their opinion and that evalu- 
ation. I think all one can ask is that the Government, in whatever 
decision it makes, make it clear to the public what the decision is based 
on, and that any decision to resume weapons tests is taken with full 
appreciation of all the effects of such a resumption. Let me make it 
completely explicit that I personally do not regard fallout radiation 
as in any way one of the largest factors, one of the most important 
factors, involved in questions concerning the resumption of weapons 
tests. It is however a nonnegligible factor. 

Representative Hotirterp. You are addressing your remarks at this 
time toward atmospheric testing. 

Dr. Sevove. I will have a little further to say on that, yes, toward 
tests which release appreciable fallout to the world. 

Representative Hosmer. We might make it clear that nobody is 
contemplating an atmospheric test in this country. 

Dr. Srtove. Of course. I don’t mean to suggest that in any way. 
I am trying in general to avoid discussing the broader question of 
weapons tests. I would like to concentrate just on the question of 
fallout and how it is related to weapons tests. 

Let me go on to the item I have marked No. 5 here, the question of 
how worrisome are present levels of fallout. I should make clear here 


50 RADIATION PROTECTION 


that this is my opinion—any estimate of how worrisome fallout levels 
are can only be a personal opinion. It can only involve value judg- 
ments. One cannot make such an evaluation on purely scientific 
ounds. So I apologize for introducing my own value judgment 
into this; but, as I say in the written material, I don’t know any other 
vay to convey any feeling about this thing at all. 

Let me give then my own personal opinion of how worrisome present 
fallout levels are. 

I think they are by no means worrisome enough so that anyone 
should stop eating any food. This does not say that the fallout levels 
in food are negligible. Fallout levels in some foods have been high 
enough to cause me to take a little bit of time to think about them and 
see if I wanted to cut down my own consumption of some foods which 
seem to be unusually high in fallout levels. 

I came to the conclusion that at the present time I would not con- 
sider it worth while to cut down my consumption of any individual 
food. At the same time I came to the conclusion that the levels are 
such that if they were to continue at the peak values that have oc- 
curred in the last couple of years, especially if they were to go higher, 
then I would personally probably cut down on my consumption of some 
of those foods that have the highest levels of fallout contamination 
in them. 

I would consider this a personal inconvenience and it would have 
an impact in that sense on me. I would still not consider that fallout 
was the major factor in deciding about weapons tests. There are far 
more important factors involved. There is my personal evaluation of 
the worrisomeness of present levels. 

I think it is not an urgent matter to try to remove present fallout 
from food, but if there were a further appreciable amount of increase 
in fallout distributed over the world in the atmosphere, I think it 
would be legitimate cause for concern by very large numbers of people, 
and not only in this country but in other countries in the world. 

In America, in the United States, in Europe, people derive much 
of their calcium, and with it strontium, from milk. In the Far East 
milk is a very much less common food. It happens that the cow in 
producing milk filters out most of the strontium that it feeds on in 
the grass and it only passes on 15 percent or so of strontium. In the 
Far East the people don’t have the benefit of that factor of 15 percent 
transmission that we have here. There are many tens of millions or 
hundreds of millions of people in the Far East who are exposed to 
higher fallout levels than aes in this country, higher fallout levels 
in terms of the ratio of strontium to calcium in their diet. It does not 
mean their ground is more contaminated with strontium than ours. 
It is not. We probably have the highest strontium levels here. But 
their food is at least as contaminated as ours. Those people have legit- 
imate cause to be uncomfortable if any country in the world delivers 
further fallout material in their food. 

The last item I have listed here is a discussion of some factors con- 
nected with possible further weapons tests. Mr. Hosmer has re- 
marked that there are no plans in the United States at present to 
resume tests that would add to atmosphere contamination, that would 
release further fallout material into the atmosphere. I think if one 
considers something that the United States might feel itself driven to, 
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such as a resumption of underground tests in this country with an 
explicit statement that we will not resume atmospheric tests, then if 
one is trying to see how weapons tests relate to fallout on an overall 
basis, one should really consider also that if this country resumes 
weapons tests of any kind, we have to expect that other countries will 
also either resume or initiate weapons tests, and other countries will 
probably feel free to test those weapons and in those ways which are 
most useful to them. 

It may be, for instance, that if the test ban negotiations should not 
come to fruition, and if the United States resumes underground 
weapons tests, that the Soviet Union might resume atmospheric tests 
of large weapons. If that would happen, we could say that is not 
our responsibility. But the fact is if we make a decision which may 
lead to such a consequence, we should at least be aware of that possi- 
bility and consider it in our deliberations. It is nevertheless the ulti- 
mate responsibility of this Government to make decisions in such 
matters. 

I think that exhausts the limited remarks I wanted to make. If 
you have any questions I will be glad to try to answer them. 

Representative Horirrerp. Thank you, Doctor. I think your con- 
clusion with regard to the present exposure of fallout radiation paral- 
lels the finding of the committee in their report of August 1959, where 
we have said that for testing already conducted, fallout radiation 
exposure is and will be relatively small compared to normal back- 
ground radiation or the standard recommended by the International 
Commission on Radiological Protection. 

Assuming successive cycles of testing over the next two generations 
or less following the same pattern as the past 5 years, the predicted 
average concentration in the bone will be about 48 strontium units. 
This is close enough to the maximum permissible body burden of 
strontium units recommended by the International Commission on 
Radiological Protection to suggest that a hazard to the world popula- 
tion would result. 

Dr. Serove. That is one of the important points I would like to 
make and see come out of these hearings, if possible. It is useful to 
compare the strontium level with levels which have been suggested 
by the ICRP or to compare the radiation dose received from a given 
strontium level with the radiation dose which has been suggested as 
maximum permissible for large populations by the ICRP. 

I think it is useful to do so, but I think one cannot leave the problem 
at that point. One cannot say just because the average strontium 
dose in the bone in the United States over the next 10 or 20 years 
will be something like 10 or 15 percent of background—that is 5 or 
10 percent of the maximum permissible dose stated by the ICRP— 
one cannot say that therefore fallout is acceptable. The recommenda- 
tions made by the ICRP concern radiation resulting from, say, indus- 
trial processes, radiation resulting from processes which are clearly 
beneficial to the people who suffer the injury. But the ICRP recom- 
mendations do not apply to fallout. It is a little bit unfortunate I 
think that even the reports that keep coming out at present do not 
explicitly take up the problem of fallout. 

I think the staff report that has just been produced by the Federal 
Radiation Council is a very useful piece of work, but it states at the 
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beginning that this report is not going to consider the problem of 
internal emitters. Further, this report is going to be concerned only 
with radiation resulting from peacetime processes. 

One can consider weapons explosions as a peacetime process, but I 
don’t think that is what the writers of that report had in mind. I 
don’t think one should take the numbers that are in that report and 
compare the levels of fallout radiation with those numbers and say 
therefore it is clear that the levels of fallout are acceptable. One 
cannot leave the problem at that point. I think Congress in particu- 
lar cannot look to other groups, and particularly cannot look to purely 
scientific groups for a decision on what level of fallout is acceptable. 
I think it is up to Congress itself to say we have examined this prob- 
lem and we realize that some injury results, and we have decided at 
the present this is an acceptable level, or let us say it is not worth 
putting a gigantic effort into removing fallout material from food. 
That would be a useful kind of statement for Congress to make to the 
public, to clarify the fact that Congress has studied this problem and 
has come to a conclusion, and on just what basis. 

The basis cannot be that you look at the numbers in the report of 
the Federal Radiation Council and say these are small compared to 
those. 

Representative Hoiirretp. Mr. Ramey. 

Mr. Ramey. I take it that what you are saying on the Federal 
Radiation Council guide, that does not cover fallout. 

Dr. Serove. That is correct. 

Mr. Ramey. This is something we want to explore with the Federal 
Radiation Council tomorrow, as to whether it does cover it, or whether 
it should cover it. 

Dr. Sevove. We will save it until tomorrow. There are a couple 
of explicit statements in section 7.2. 

Representative Hoxtrretp. We are aware of those and we are going 
into those tomorrow. 

Dr. Srrove. “Only peacetime uses of radiation” and so on. 

Representative Hottrreip. Mr. Hosmer. 

Representative Hosmer. I have no questions, but was rather amused 
when Dr. Selove gave us a formula for getting ourselves defeated at 
the polls. It is a rather foolhardy thing to tell this group. 

Mr. Ramey. On the question of application of radiation standards, 
there was a lot of discussion with the AEC following our hearings on 
fallout last year, trying to get a little clearer picture on the hotspot 

roblem. On page 2121 of volume 3 of our hearings, the Commission 
indicated, on the question of fallout in food, that at the time ob- 
served concentrations in North America of fallout average about 
1 percent of the 200 strontium units, the currently recommended con- 
centration for individuals outside of the control area, with some con- 
centrations several times this average. 

Dr. Setove. What page is that? 

Mr. Ramey. Page 2121 of volume 3. 

Dr. SeLove. Would you like me to comment on that 200? 

Mr. Ramey. Yes. Do you think the use of 200 strontium units 
there is the proper measure for individuals or groups? 

Dr. Srexove. In my article in the preprint I discuss this question 
of what the effect of a 200-strontium unit level would be. 
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Representative Hoiirretp. We know about it in the preprint, but 
I think Mr. Ramey asked you so you would have an opportunity to 
comment. You know once in a while a Congressman asks a ques- 
tion so the record may show it, although he already knows the answer, 
strange as it may seem. 

Dr. Srxove. I will try then to explain for the record. On this 
question of whether a 200-strontium unit would or would not be ac- 
ceptable, it is impossible with presently available data to estimate 
what the effects of low-level colleen would be in any precise way. 
One can only make what amounts to guesses. In this case the guess 
that one makes, if one thinks that the linear extrapolation has any 
meaning, leads you to believe that 200 strontium units in the bones, 
which would correspond to a radiation dose about five times as large 
as natural background, would produce five times as much effect as 

natural background radiation does. If natural background radiation 
produces 10 ‘percent of all leukemia, which is a questionable point, 
but an estimate which has been made, then a strontium dose of this 
level would produce a 50-percent increase in natural leukemia. If 
one were to use a 200-strontium unit level as the permissible average 
concentration in the population, then it might be that at that level 
you would get a 50-percent increase in leukemia and bone cancer. 
It seems hardly likely that such a level would be considered accept- 
able by the population of this country. So I think one can find 
numerous cases, going back through all the discussion of the last 
few years, where tolerance levels which have been derived in the way 
this 200-strontium unit level was derived, by a simple multiple applied 
to an occupational permissible level—in this case, it comes from an 
occupational permissible level of 2,000 and multiplying that by one- 
tenth—where you try to derive a ‘population permissible level, you 
are liable to arrive at a completely unacceptable permissible level: 

I think it is unfortunate that the use of such levels as the 200 stron- 
tium unit level continues up to the present time. 

Mr. Ramey. I think it is possible that the Commission may have in- 
tended this as a maximum on individuals rather than an average for a 
population. On the other hand, if you are talking about hotspot areas 
covering a State, the question is when do individuals become a group 
that amounts to a population. 

Dr. Setove. Yes. 

Mr. Ramey. By using it this way it seemed to be just making it 
sound like it was a very small problem. 

Dr. Sevove. The question was asked in this morning’s session as to 
what might be the best way to get across to the public in some simple 
understandable form what is the magnitude of radiation effects from 
various sources. It seems to me that the most likely candidate as a 
means of explaining to the public is to compare the amount of fallout 
radiation or radiation from industrial processes with background radi- 
ation. If you compare 200 strontium units with background radiation, 
then you say you have a fivefold increase. If you have a 20 percent 
increase in background radiation, this is something that is not likely to 
worry you so much. Buta fivefold increase would be rather uncom- 
fortable. I think a comparison with background radiation is the most 
profitable way to proceed. 
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Mr. Ramey. That is the basis recommended by the subcommittee of 
the NCRP and the scientific group from NAS. However, it looks 
like the Federal Radiation Council has adopted the NCRP rec- 
ommendations with or without the rubberstamp. 

Dr. Setove. But they have not discussed internal emitters. Let me 
repeat, because some source of radiation is only 20 percent of natural 
background does not mean it can be dismissed. 

Representative Ho.irretp. Thank you, Dr. Selove. You will be 
back with us on the panel. 

Dr. Sevove. Thank you, sir. 

Representative Hoitrrecp. Our next witness is Mr. Lauriston Tay- 
lor, Chief of the Atomic and Radiation Physics Division of the Na- 
tional Bureau of Standards. 


STATEMENT OF LAURISTON S. TAYLOR,’ CHIEF, ATOMIC AND RADI- 
ATION PHYSICS DIVISION, NATIONAL BUREAU OF STANDARDS 


Mr. Taytor. Mr. Chairman, it is a privilege to be afforded the op- 
portunity of testifying again before your committee. It is my feeling 
that the hearings conducted by this committee, over the past few years, 
have been very valuable, both from the point of view of bringing to- 
gether a great deal of technical data, as well as improving the public 
understanding of some of the very complicated radiation matters. 

In preparing material for these hearings, I have found it difficult 
to put my finger on any essential aspect of the problem, which has not 
been covered to some degree in previous hearings. However, much of 
the material bearing on the question of radiation protection criteria 
has been scattered in numerous volumes and I hope that the current 
hearings will serve to collect most of the information in one place. 
The testimony given here will also serve to bring the many facets of 
the protection problem into proper perspective. 

In my testimony today I shall touch on only a few points, most of 
which are discussed in more detail in the material prepared for the 
preprint. I should like to start off by expressing the opinion that 
over the past several years nothing basically new has been developed 
in the field of radiation protection, with the possible exception of the 
very important work by the Russells on the dose-rate effect on the 
production of genetic mutations. 

What is really needed is a breakthrough in our knowledge of the re- 
lationship between radiation exposure and biomedical efiects, par- 
ticularly at low total doses and low dose rates. 

Because of the lack of knowledge about low-dose effects we have to 
make the assumption that any radiation exposure whatever entails 
some element of risk to man, however small or undefinable. 

Because of this, it is necessary to make judgments balancing known 
scientific facts on the one hand against completely undefinable factors 
of a social, economic, or political nature on the other. 































1Joined the National Bureau of Standards in 1927, where he has worked, with the 
exception of a period of 3 years during World War II when he was in om, of operations 
research for the 9th Air Force in Europe, and for 1 year in 1958, when he was Chief of 
the Biophysics Branch of the Atomic Energy Commission. He is Breeratty Chief of the 
Atomic and Radiation Physics Division at the National Bureau of Standards; Chairman 
National Committee on Radiation Protection and Measurements; Chairman, International 
Commission on Radiological Units and Measurements ; member, International Commission 
on eee Protection; Chairman, National Academy of Sciences Advisory Com- 
ee ee = vil Defense ; member, U.S. Public Health Service National Advisory Committee 
on Radiation. 













th 
ar 


a of 
Oks 


me 
ural 


| be 


“ay- 
a- 


ADI- 
Ss 


, op- 
ling 
ears, 
y to- 
iblic 
rs. 

icult 
3 not 
‘h of 
teria 
rrent 
lace. 
ts of 


st of 
r the 
that 
oped 
f the 
1 the 


1e re- 
par- 


ive to 
ntails 


nown 
ictors 


ith the 
rations 
‘hief of 
| ss the 
nirman 
ational 
mission 
y Com- 
nmittee 





} 


RADIATION PROTECTION 55 


This dilemma is not new to people working in the radiation pro- 
tection field. It was recognized early in the postwar considerations of 
the National Committee on Radiation Protection and Measurements 
and various facets of the problem were mentioned in Handbook 59, 
which was written and circulated first in 1947 and eventually pub- 
lished in 1954. 

Another difficulty arises because of attempts that are made to use 
the technical protection recommendations in ways that were never 
intended. Part of this has been brought about because of the need 
for information which simply did not exist, and in many cases still 
does not exist. Recommendations designed for one class of problem 
when extrapolated to other classes of problems have resulted in con- 
cepts that may be unnecessarily restrictive. 

On the other hand, there are instances where protection criteria 
designed for application to the adult have been applied to population 
groups involving children, in which case the results may be insufli- 
ciently restrictive. 

Still another difficulty has developed because while the recommen- 
dations developed by the NCRP have always been thought of by the 
committee itself as guides, others have transformed them into sharply 
defined standards. 

In the early days radiation protection recommendations were re- 
garded as largely educational in nature. It was expected that they 
would be adjusted and used with discretion according to whatever 
the circumstances demanded. For many years the NCRP opposed the 
principle of incorporating its recommendations into legal documents 
or codes having very limited, if any, flexibility. 

The first serious difficulty in this regard came about with the estab- 
lishment by the Atomic Energy Commission of sharply drawn pro- 
tection rules essentially making law out of such quantities as maxi- 
mum permissible doses or maximum permissible concentrations. 

This remark is not intended to be critical of AEC; they felt that 
the Atomic Energy Act of 1954 compelled them to take such action. 
Once it has been decided that there shall be regulations then it has 
been thought necessary to put them in legal form with a plug for every 
loophole. 

From a legal point of view this is completely understandable even 
though scientifically it may make little sense. Nevertheless, such 
action has led to the development of unnecessarily restrictive criteria 
in many imstances, and has removed from both the regulator or the 
user the opportunity of using judgment. 

As I mentioned above, radiation protection criteria today are 
basically dependent upon a philosophy of risk. This, in turn, in- 
volves the blending of two diametrically opposed goals, the one to 
promote the essential and beneficial peaceful uses of radiation, the 
other to eliminate all radiation hazard. It is obvious that we cannot 
have both. 

Also because of the necessity of balancing these extreme demands, 
we must necessarily be willing to deal with graded risks to different 
segments of our population. This, of course, introduces a social and 
economic dilemma, particularly in a country like ours where every- 
one feels that he is entitled to equal rights. Necessity has led to the 
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development of at least two sets of criteria, those designed for radia- 
tion workers and those for nonradiation workers. 


The protection criteria for radiation workers are primarily de- | 


signed to prevent somatic damage to the individual. The permis- 
sible levels are so chosen as to carry a negligible probability of pro- 
ducing detectable injury to the individual exposed. 

As far as can be determined today, results over the past three 
decades indicate that the occupational exposure levels have been ade- 
quate to meet this requirement. Since the fraction of our population 
engaged in radiation work is very small—perhaps a quarter of 1 per- 
cent—the possible genetic injury to this group is not considered 
critical when blended in with the entire population. However small 
the genetic effect may be in this group itself, it has not been over- 
looked in setting the protection criteria. 

The problem of exposure of the entire population is quite different. 
The average individual in the population is not likely to receive a 
radiation exposure of more than a small fraction of that of the in- 
dividual worker for whom no damage is detectable. 

On the other hand, the genetic effects of radiation depend upon 
the total population exposure, and therefore a very low average dose 
distributed over the whole population could be of very real sig- 
nificance. 

A public relationship difficulty in the area of radiation protection 
centers about how we deal with the numbers of people that are, or 
are potentially, injured. In the field of disease it is customary to 
refer to disease incidence in terms of number per 100,000. For ex- 
ample, in leukemia the normal mortality rate is 7 per 100,000; for 
suicide, 10; for malignant neoplasms, 148; and for heart disease, 360. 

On this basis, additional deaths or injury from radiation could 
possibly be expressed as some number per 100,000, and statistically 
the problem falls into perspective with all of the other causes of 
mortality. 

On the other hand, if one deals with an absolute number of cases 
of radiation injury or death—assuming that these are known—the 
figures may appear to look very terrible indeed, even though they 
may number only in the hundreds. 

It is my feeling that we should caution ourselves against the ac- 
ceptance of a position in the radiation protection field that is domi- 
nated more by sentiment than by science. Instead we should develop 
a balanced judgment of the total problem and its relationship to all 
other risk problems. One can argue that leaning always in the di- 
rection of conservatism is an admission of the acceptance of such a 
position of sentiment. 

I will turn briefly to item 2 in the outline, dealing with groups that 
are interested in the development of radiation protection criteria. 
Most of the background information with regard to such groups has 
been covered in the proceedings of the earlier hearings. 

Aside from small individual national groups in various countries, 
the first concerted action in the field of radiation protection was un- 
dertaken by ICRP beginning in 1928 and has continued without in- 
terruption since then. The ICRP was a child of the International 
Congresses of Radiology and now the International Society of Ra- 
diology. It has no direct Government relationships. 








~ am ee, 3D 


——— <_ 





adia- 
y de- 


rmis- 
pro- 


three 

ade- 
ation 

per- 
lered 
small 
over- 


‘rent. 
ive a 
ie in- 


te: 
dose 
sig- 


ction 
‘e, or 
ry to 
r ex- 
; for 
, 360. 
could 
cally 
es of 


cases 
—the 
they 


e ac- 
lomi- 
velop 
‘o all 
e di- 


ich a 


that 
teria. 
s has 


tries, 
Ss un- 
it in- 
ional 
* Ra- 


RADIATION PROTECTION 57 


ICRP’s initial concern was for radiation workers associated with 
the medical profession, but the background of philosophy and infor- 
mation developed for that group has played an essential role in all 
subsequent recommendations. 

More recent recommendations of ICRP have shown evidence of the 
exercise of judgment based on matters other than scientific in nature. 
The Commission has recognized the nonscientific aspects of the pro- 
tection problem from the outset, but at the same time realized that no 
other group was filling the gap. As a matter of fact, I suspect that 
this group, while primarily scientific in nature, is about as well quali- 
fied as any other group for the making of subjective judgments. 

The International Commission on Radiological Units and Measure- 
ments is not directly involved in radiation protection matters. How- 
ever, it is the international body that establishes the basic quantities 
and units required for radiation measurement and without which quan- 
titative radiation control would be impractical. The background of 
ICRU is the same as that of ICRP and the two groups work jointly 
on many problems having a common denominator. 

The National Committee on Radiation Protection and Measure- 
ments was established in this country in 1929, working in close par- 
allel with, but independently of, ICRP. The development of its 
philosophy and recommendations closely parallel those of ICRP and 
ICRU. NCRP has also dealt with the total problem of radiation 
protection, including recommendations based on nonscientific findings. 

Its recommendations involving social and economic questions have 
been taken up largely by default, since up until the last year no other 
group has given these problems any consideration. 

The anomalous position of the committee has been clearly recog- 
nized by the body itself, in its writings and by articles published by 
its various members. It is anticipated that, with the establishment of 
the Federal Radiation Council, NCRP may back out of some areas not 
of a strictly scientific nature, although I feel that as a group it is still 
well qualified to consider many of these problems. 

The Federal Radiation Council was established by Executive order 
and congressional action in 1959 in an endeavor to provide a mechanism 
for balancing scientific factors against social, economic, and political 
factors, primarily for the purpose of developing an official Federal 
Government position. In its endeavors it has been receiving the active 
assistance of NCRP, as well as that of many individual scientists. 

Many of the States are in the process of developing radiation control 
programs. Up to the present time they have, without exception, 
adopted the basic criteria as developed by NCRP. As far as I am 
aware no State has endeavored to develop an independent set of 
protection criteria. : Be, 

The American Standards Association within the past 2 or 3 years 
has also entered into certain phases of the radiation protection prob- 
lem. Thus far there has been close cooperation between ASA and 
NCRP with the result that they have relied upon the basic criteria 
developed by NCRP as the foundation for their development of 
standards of a bynes 50 nature. 

Finally, I shall speak briefly upon the role of the unofficial or quasi- 
official groups, such as NAS and NCRP. First, I should state very 
clearly my personal opinion that where an organization such as a 
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Federal Government has to take action, such as in the field of radiation 
protection, it is necessary that it have its own mechanism for dealing 
with the problem officially. This is essential also in order to bring 
into balance all of the possible individual agency viewpoints. Up to 
the present time, the Federal developments have utilized the recom- 
mendations of NCRP through individual agency actions. To say 
the least, this has resulted in a high degree of uniformity within the 
Government. 

However, I believe that I can appreciate the need that is felt for 
having this problem closely within the Government’s own hands for 
final action, even though they rely importantly upon nonofficial outside 
groups. 

On the other hand, because of this country’s way of life, I and 
many others feel that it is equally important that there be a strong 

rganization outside of Government having a high degree of scientific 
independence in the radiation protection field. This is particularly 
important in those areas where the Federal Government may have a 
vested interest. 

Throughout its existence the NCRP has enjoyed such professional 
independence, even though it has been to a substantial extent sponsored 
and operated by the National Bureau of Standards. The relationshi 
between the NCRP and the NBS has always been a very fluid = 
informal one, and neither the NBS nor any other Government agency 
has ever exercised any kind of pressure on the committee. 

In fact, even for those of us who have worked with the committee 
for over 30 years, it has been difficult to establish in our own minds 
whether the committee was, in fact, a Government committee or a 
orivate committee. On occasion, the NCRP has been criticized by 
individuals on the outside on the grounds that it was subject to too 
much infiuence by Government agencies. It has been equally criticized 
by individuals within the Government because it has not been subject 
to suflicient Government control. Therefore, one can suspect that its 
operation must have been a happy medium. 

In any case those individuals and organizations who have sup- 
ported the work of the committee over these many years agree on one 
point, the committee must continue and must enjoy continued scien- 
tific freedom whether it be operated by a Government agency or com- 
pletely independently of any Government. 

Representative Hoiirre.p. Thank you, Mr. Taylor. Mr. Ramey. 

Mr. Ramey. How does the NCRP go about its business? How is it 
organized ? 

Mr. Taytor. The NCRP as it is being operated at present is made 
up of representatives nominated by outside organizations having con- 
cern with the basic technical aspects of radiation protection. These 
would be scientific societies for the most part. The nominations are 
then voted upon by the committee for acceptance of these nominees 
as to their professional competence, as well as to insure proper bal- 
ance of the overall competence of the committee. 

Some members are selected at large in order to round out the com- 
mittee’s competence, and the committee appoints chairmen of subcom- 
mittees who are not necessarily members of the main committee. 
Mr. Ramey. Does it have any social scientists ¢ 
Mr. Taytor. It does not. 
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Mr. Ramey. Statisticians, for example? 

Mr. Taytor. Yes, there are a number of statisticians and mathema- 
ticians who can handled statistics. 

Mr. Ramey. But it does not have social scientists as a discipline? 

Mr. Taytor. No, it does not. Part of this is because the committee 
has in general been trying to avoid the social problems. In one area 
we have gone outside of the scientific circles; and that was in trying 
to prepare a model set of regulations. For this purpose, we brought 
in as consultants some four or five lawyers experienced in atomic 
energy matters. 

Mr. Ramey. We had one of those men testify last year, I think. 
Professor Frampton from the University of Illinois. 

Mr. Taytor. Yes; he is one of the advisers. Do you want me to 
explain how it acts? 

Mr. Ramey. Yes, and particularly in relationship perhaps to the 
Federal Radiation Council. Has there been any relation between the 
NCRP and the Federal Radiation Council? 

Mr. Tartor. The Federal Radiation Council, as you probably know, 
has been meeting very actively since early last fall. I have been invited 
to attend meetings of their working group and a number of the meet- 
ings of the Council itself. I suspect I have probably attended 90 per- 
cent of the meetings. This probably averages more than one a week as 
far as my own attendance is concerned. The committee has supplied 
the Radiation Council with material that it has had in process. 

Mr. Ramey. Does the NCRP have any problems arising out of 
the fact that the Federal Radiation Council is in existence? Tn other 
words, is the Federal Radiation Council taking over some of its func- 
tions, or does the NCRP have any other problems affecting its future? 

Mr. Tayrtor. Yes. There are some rather definite problems that 
have arisen. In the first place, you heard me mention earlier that the 
organizational relationship with the NBS was rather ill defined and 
fluid. For over 2 years we have been trying to establish this relation- 
ship more clearly within the framework of Government requirements 
for committees. As of about a year ago, the committee decided that 
the clearest way to do this was to establish itself as a completely inde- 
pendent committee, including members of the Federal agencies as well 
as independent members. This was going forward satisfac- 
torily until quite recently—in fact, until the establishment of the 
Federal Radiation Council. But it now appears according to some in- 
terpretations—and I must say these have not yet been completely ex- 
plored—that since the Federal Radiation Council has the clear author- 
ity to make standards for the Federal Government, no Federal em- 
ployee can belong to a private committee without involving himself in 
a conflict of interests situation. This makes for a very real difficulty, 
because, while the Federal employees on the committee only number 
about one-sixth of the total, they are nevertheless a very important 
one-sixth. So unless some way can be found for solving this, the com- 
mittee may have an organizational difficulty. 

On the other ‘hand, if the committee is organized strictly as a Gov- 
ernment committee in.compliance with all of the usual requirements 
for such committees, then there is the chance that the committee will 
feel so completely restricted in its operations that it cannot be effective. 

58454—60-——5 . 
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This is serious, because I think myself that a great deal of the effec- 
tiveness of the NCRP over the past 30 years has been its reputation 
for complete freedom and objectivity in all the matters it was con- 
sidering. 

Mr. Ramey. In terms of numbers, how many people are involved in 
the activities of the NCRP? 

Mr. Taytor. The total committee, including the subcommittee chair- 
men, runs approximately 150. Of these 150, 95 are not identified with 
Government. I don’t remember the exact number, but about 30, I 
believe, of the remaining members are identified with some Federal 
agency or other, and I think some 20 or 25 are identified with prime 
contractors of the Atomic Energy Commission. 

Mr. Ramey. Of that 150 are they all actively working on radiation 
problems via the subcommittee route, or other route, so that you have 
a working organization of 150 people most of the time? 

Mr. Taytor. That is correct. Actually the degree of activity for 
any one subcommittee varies from time to time. At the moment there 
are one or two subcommittees that are, you might say, in a quiescent 
state, but most of the committees are actively working and there are 
at the present time some six or eight reports of one kind or another 
in the process of preparation. 

Representative Horrrretp. Thank you, Dr. Taylor. I think now 
you may remain seated, and we will call the members of the round 
table discussion to the witness table: Dr. Wolman, Dr. Selove, Mr. 
Parker, Dr. James Terrill, Dr. K. Z. Morgan, Dr. Charles R. Williams. 


PANEL DISCUSSION: H. M. PARKER,’ HANFORD; DR. ABEL 
WOLMAN,' JOHNS HOPKINS; DR. WALTER SELOVE,’ UNIVERSITY 
OF PENNSYLVANIA; LAURISTON TAYLOR,’ NATIONAL BUREAU 
OF STANDARDS; JAMES G. TERRILL,* U.S. PUBLIC HEALTH SERV- 
ICE; DR. K. Z. MORGAN,’ OAK RIDGE NATIONAL LABORATORY; 
DR. CHARLES R. WILLIAMS,’ LIBERTY MUTUAL INSURANCE C0. 


Representative Hotrrretp. Gentlemen, you have heard the witnesses 
today. You can discuss, of course, anything that you feel should be 
discussed or any comments which any of you as individuals have upon 


2 See biographical sketch on first page of his testimony. 

2? Graduated from the University of Cincinnati in 1937 with a degree in civil engineering. 
He studied public health engineering at the Massachusetts Institute of Technology Graduate 
Sehool from 1938 to 1941. Since 1941 he has been active in the Public Health Service. 
He participated in the first Bikini tests. During the period 1948-51 he studied radiological 
defense under the sponsorship of the Armed Forces Special Weapons project at the U.S. 
Navy Postgraduate School and the University of California. He has participated in and 
directed the Public Health Service activities related to the Nevada and Pacific test opera- 
tions during 1953—5T. 

Mr. Terrill is active in radiological committees of the American Society of Civil Engineers 
and the American Public Health Association. He is a member of the National Committee 
on Badia tion Protection and the Nuclear Standards Board of the American Standards 
Association. 

Presently, he is Assistant Chief of the Division of Radiological Health, Public Health 
Service, with yoy at 4th and Independence Avenue SW., Washington, D.G. Mr. 
Terrill lives at 5812 Phoenix Dr., Bethesda, Md. 

* Born in Kannapolis, N.C., in 1907. He received the A.B. degree in 1929 and the M.A. 
degree in 1930 from the University of North Carolina. He worked with the Westinghouse 
Electrie Corp. in 1931 and received the Ph. D. in physics from Duke University in 
1934. From 1934 to 1943 he was chairman of the phys cs department of Lenior Rhyne 
College, and during this period he did research work in cooperation with Duke University 
in the field of cosmic radiation. This led to a number of cosmic ray expeditions, amon 
which were measurements in Linville Caverns, on the top of Mount Mitchell, and on Reed 
Mountain (all in North Carolina), and on Mount Evans near Denver, Colo. 
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the testimony today in clarification, or any additional material on an 


topics of the discussion. We notice on page 2 that Mr. Taylor said, 
and I quote: 


Recommendations were designed for one class of problem and when extrap- 


olated for other classes of problems have resulted in concepts that may be 
unnecessarily restricted. 


I wonder if any of you gentlemen have any examples upon which 
you wish to comment ? 


Mr. Taytor. I think I could give just one rather brief example, and 
which will certainly lead to others. For example, the maximum per- 
missible concentrations of radioactive material that have been de- 
signed for radiation workers have been computed on the basis of a 


50-year adult exposure beginning at age 18 for approximately 50 years. 
On this basis, certain leveis have been derived. 


Dr. Morgan can tell you more about the details of this, but if you 
use a level of this sort for an occasional intake by an individual—by 
occasional, I mean maybe once or maybe over a period of a year or 
two, even—this individual would be far under the level that we have 
set or had in mind for the radiation worker. Depending on circum- 
stances, this could be unnecessarily restrictive. In fact, all of the 
occupational levels are designed for 50-year exposures. 

Representative Hotirtep. Are there any comments on Mr. Taylor’s 
remarks? If not, could we lay on the table for discussion the educa- 
tional comprehension ability of the public on this subject? Do you 
feel that the public can be educated in this matter, or is this more in 


He became a member of the metallurgical laboratory staff at the University of Chicago 
in the spring of 1943. Here he was one of a small group to Govelon, 208 establish the 
new science known as health physics, which today employs over 1, persons in this 
country alone. Health physics has the responsibility of establishing acceptable levels of 
maximum permissible exposure, developing instruments to make measurements to ascertain 
that safe exposure levels are maintained, and making a study of attenuation of radiation 
matter in order to determine the effectiveness of shielding material for radiation protection 
and in order to estimate more accurately the dose delivered by this radiation at various 
depths in the human body. 

During the fall of 1943 Dr. Morgan transferred to the Oak Ridge National Laboratory, 
where to the present he is Director of the Health Physics Division, which employs over 
150 persons who are engaged in research, engineering, and applied problems. in 1957 he 
was the first president of the Health Physics Society, and at present he is a member of 
the board of the society and editor of the journal Health Physics. He is a member of 
a number of committees dealing with problems of radiation proteetion, such as the Com- 
mittee of the National Research Council on Shipment of dicisotopes and the main 
committees of the International Commission on Radiological Protection and the National 
Committee on Radiation Protection. He is Chairman of the National and International 
Committees on Maximum Permissible Internal Dose of Radioisotopes. He has published a 
number of papers dealing with subjects of cosmic rays, radiation protection, instrumen- 
tation, and general health physics. 

One of the current probiems of interest is the study and development of suitable methods 
of radioactive disposal that can be applied when atomic energy reactors are widely used 
as a source of electrical power, The Health Physics Division, of which he has charge, 
has recently made a number of important engineering advances in the study of disposal of 
radioactive waste with respect to both liquid and gaseous contaminants. ‘This same divi- 
sion has led the way in the cratning of health paysisiats who, in turn, have established 
health physics programs in many universities, hospitals, and industrial laboratories. The 
Oak Ridge Health Physics Division has developed the first instruments with which quan- 
titative measurements of fast neutron dose can be made, and it is now in the process of 
measuring many physics constants useful in estimating radiation damage, such as the 
electron volts per ion pair, stopping power, and scattering of ionizing radiation as it 

asses through matter. In 1953 the National Committee on Internal Dose, of which Dr. 
organ is chairman, released the first internal dose rt, listing the maximum permis- 
sible body burden and maximum permissible concentration of some 70 radioisotopes. M{he 
following year another committee of which he is chairman released for publication by 
the International Commission on Radiological Protection a “Maximum Permissible In- 
ternal Dose Report” —e these calculations to other radioactive isotopes. Both the 
above internal dose reports have just been revised and submitted (January 1959) for 
n. 
pure is . member of the American Association for the Advancement of Science, the Amer- 
jean Industrial Hygiene Association, the American Nuclear Society, Research Society of 
America, the Radiation Society, the Tennessee Academy of Science, associate fellow of 
the Ameriean Collegé of Radiology, a fellow of the American Physical Society, and a 
member of the board of the Health Physics Society. 
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the field of the experts and the users of atomic devices and the occupa- 
tional workers in the plants, and so forth ? 

Dr. Wit1aMs. I think the question of education of the public is one 
which has been overbalanced by fear resulting from nuclear explosions 
and things of this sort. I subscribe 100 percent to the philosophy 
which was set forth this morning: That we do have to convince the 
public that they must have confidence in the people who are trying to 
protect them. This is not made easier when we find little incidents 
which are blown up in the newspapers to tremendous headlines and 
subsequently turn out to be of little consequence. It has been my 
experience that it is perfectly possible to educate high school young- 
sters as to the basic problems of radiation hazard in such a way that 
they can appreciate and understand it. After all, the public is very 
used to accepting a physician’s judgment and a physician’s decisions 
without wanting to know what the physiological response of an aspirin 
tablet is or other medication may be. I don’t see why we have to 
pursue the significance of maximum permissible doses in minute detail. 

We have two problems: overcoming fear and putting the problem 
to the public on a simple basis. 

Representative Hotirietp. Then you do feel that there is a definite 
responsibility on the part of the public press, periodicals and so forth, 
to bring this information to the people in proper perspective and not 
to play up a relatively insignificant event for the sake of obtaining a 
headline? 

Dr. WituuaMs. This is true. I must say that the press has cooper- 
ated a great deal in some cases. For example, when the MIT reactor 
was built, extremely intelligent press coverage over an 18-month pe- 
riod prior to the startup of the reactor was such that operation of 
the reactor did not create a ripple. 

Mr. Taytor. Would you agree that as far as the press is concerned, 
you ought to divide the press into two parts? 

Dr. WituraMs. That is right. 

Mr. Taytor. The newspapers are one part and the magazines are 
another. I think with occasional exceptions the newspapers have done 
a much better job of interpreting this information than magazine 
articles. I have the feeling that these have been written for the pur- 
pose of selling the magazines by putting scary material in them. 

Dr. Setove. In connection with one point here, namely, that if in- 
formation comes to the public from an authoritative body, it has 
more chance of being believed and the public will have faith in it, it 
strikes me one point. that Mr. Taylor made might be worth exploring 
a little further, and that is the idea of having a strong nongovern- 
mental group studying and making recommendations on radiation 
protection problems. I wonder whether Mr. Taylor might comment 
to what extent, perhaps, the Federal Radiation Council, even though 
it is a governmental body, could by incorporation of some individuals 
from the public, both natural scientists and sociologists, representa- 
tives of labor and industry, be expanded to become a body in which 
it would be overwhelmingly probable that the public would have 
confidence. 

Mr. Taytor. I think that the Federal Radiation Council ought to 
gradually develop confidence.on the part of the public. What you 
may have to do in the way of changing its organization, I would not 
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know. At the present time, I believe it is the policy of the Council 
to treat these subjects by people who are within the Federal Govern- 
ment. They, of course, call freely on the advice of people on the 
outside of Government. When I was talking about an independent 
body, I was talking quite apart from the Radiation Council, of a body 
that had no official governmental ties or influences at all. 

ate _— Are there any plans that you are aware of to set up such 
a body ? 

Mr. Taytor. The NCRP is supposed to come about as near to that 
as any that I can think of. I would prefer to have the kind of inde- 
pendence that I am speaking of. 

Dr. Setove. If it could broaden its membership, say, by adding 
representatives of labor and insurance and the public, it might then 
become even more useful than it has been. 

Mr. Taytor. That is still a different kind of group from what the 
committee is thinking about. The committee is thinking in terms of 
limiting its activities sharply to the scientific aspects of the problem ; 
supplying the information that is necessary to other groups who will 
make the social-economic-political decisions. 

Dr. Serove. What I am getting at is that I think there is no such 
group existing at present which includes not only scientists, but other 
representatives of the public interest, and there appears that there 
may be a need for one. I don’t know what the best way may be to set 
it up. 

Representative Hosmer. Perhaps in the context of what Harris 
says in the preprint—he talks about the fact that this field was de- 
veloped under security and they got some of their scientists to es- 


tablish the standards—he says that they did it about as conservatively 
as possible, and then they added additional conservatism to that later 
and pulled down the maximum permissible dose further. He con- 
cludes that there should be representatives of various scientific dis- 
ciplines Sine individual representatives from industry, insurance, 


labor, and other private bodies who would join in establishing these 
criteria. Can anybody comment on that one? 

Dr. Wortman. I want to introduce a note of disagreement, if I may, 
on several scores. I have a feeling that criteria will be continued to 
be established by scientific groups. Expert judgment alone, however, 
should not be the gospel by which the public or any of its parts needs 
to be guided completely. I have no particular faith in the creation of 
an unknown group of people that would have this top level overlying 
omniscience that would simply hand down decisions from the top, 
from the mountain. This is an area like all areas of activity in our 
country in which everybody has a right to ask not only questions, 
but almost to demand that he get a degree of understanding. We 
are all agreed that he will never get a detailed understanding of all 
the scientific implications that go into these criteria. I am rather 
averse to having any expert group, whether self appointed or whether 
designed by anyone, as having the last word in this particular area. 
I would like to see it continued in the area of public contest and 
discussion as long as radiation uses persist. The expert has to stand 
that kind of gaff in our country. I think he should have to stand 
it. If he is assured of his rightness and of his logic, he ought to 
stand the test of the marketplace. 
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Representative Hosmer. Weren’t your remarks made more or less 
in the context of what you said this morning, or against, I should say, 
inflexibility ¢ 

Dr. Wotman. I know of no areas of scientific effort in which the 
public is concerned, as it must be in this one, in which pronouncements 
of the best of scientific people have gone unchallenged. I rather have 
the feeling that they never should go unchallenged by anyone because 
they are not as completely right. But whether they are or not, the 
lay public has to have some not only interest, but positive concern 
about how these criteria were arrived at, by whom, and whether they 
stand the test of logic and of commonsense. 

Representative Hosmer. I think that is true. Mr. Taylor, in dis- 
cussing the Federal Radiation Council, talks about sociological, eco- 
nomic, and political factors. Do you have in mind the desirability or 
the undesirability of broadening the base of decision ? 

Mr. Taytor. I should aie discussing the Federal Radiation 
Council, because I am not actually a member of it, you understand, but 
I feel that before these questions are fully settled by the Radiation 
Council, it will be necessary to bring in viewpoints from these non- 
scientific areas in one way or another. 

Representative Hosmer. Whether it is set by the Radiation Council 
or anybody else, there has to be somebody who says that this is it, for 
the next week or so, at least. 

Dr. Wotman. Yes, but you can always take issue with it. Voluntary 
professional groups, I hope, will preserve that right forever, of tak- 
nga with the Federal Radiation Council. 

epresentative Hoxrrretp. You are aware, all of you, that in the 
language setting up the Federal Radiation Council, that the commit- 
tee wrote in certain criteria for membership. Among that, after 
going through the Secretary of Health, Education, and Welfare, the 
Chairman of the Atomic Energy Commission, the Secretary of De- 
fense, the Secretary of Commerce, the Secretary of Labor, as des- 
ignees, it said, “and such other members as shall te appointed by the 
President.” Certainly there is latitude there. Senator Anderson’s 
comments on the floor of the Senate during the consideration of the 
bill furnished a legislative history which gave added room for the 
bringing in of people from the public areas and organizations. 

Dr. Wotman. Yes. 

Dr. WuuiaMs. In this regard I think the sort of thing that Mr. 
William Harris was talking about in the preprint, and I am sure my 
good friend Professor Wolman realizes, the American Standards As- 
sociation operates precisely on this principle, namely, that there must 
be a consensus of representatives of all facets of each problem. This 
is frequently criticized as being a slow and cumbersome procedure. 
However, I think you will realize that the American Standard Asso- 
ciation codes in all areas are accepted practically without question by 
municipalities and State, many of which enact ASA standards as laws 
without change. Thisis one approach to this area. 

Mr. Tayvor. In that connection, I would like to bring out one dif- 
ference between the ASA and the NCRP, namely, the NCRP does not 
try to sell its work to anybody. It puts out its best scientific judgment 
on a particular matter for whatever use anyone may want to make of 
it. For this reason it does not operate in quite the same way as the 
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ASA does. As I mentioned earlier, actually it feeds into the ASA in 
many important areas. 

Representative Houirietp. Dr. Morgan. 

Dr. Morean. I would like the statement with reference to Mr. Har- 
ris not to go completely unchallenged. It is my feeling that the pres- 
ent. permissible levels of exposure are not. necessarily overconservative. 
If one considers the dose limit of 5 rem per year for gonad and total 
body exposure and were you to have earths exposed for 50 years at 
this level, this would be 250 rem per employee. Take, for example, 
the average organ of the body; it would receive 750 rem in 50 years. 
I think there are many that feel these would not be conservative ac- 
cumulated doses of exposure. The only reason I feel that the present 
permissible levels are conservative or have a safety faetor is that the 
health physicists have imposed their own safety factors to keep the 
average exposure far below the permissible exposure levels. My own 
feeling is that the present permissible levels are conservative only be- 
cause safety factors have been applied consistently in occupational 
groups, and the turnover of manpower has been rapid enough so that 
we don’t have many people yet who have been exposed to these levels 
more than about 6 or8 years. 

Representative Hoxtrretp. Dr. Morgan, without any reflection on 
what you said, don’t you think that your utilizetion of the 50-year 
term of employment is a little bit extreme ? 

Dr. Morean. It possibly is, but as time goes on there will be many 
professional people that will spend a big part of their working life in 
this occupation. I think for the present the levels are quite satisfac- 
tory. But over a long period of time, I don’t think we have any real 
safety factor built into isa limits. 

Representative Hoxirrecp. Mr. Terrill, would you like to com- 
ment on that? 

Mr. Terriy. I believe that this is probably true in terms of our 
prenest system of calculations. Our concern with the standards in the 
ublic Health Service is not with regard to the numbers per se, but 
it is with regard to the methods of measurement we have to determine 
whether these numbers can be applied in their real context. We lack 
definitions of sampling. We lack methods of sampling. We lack 
competently trained people to do the analyses so that we know if we 
have an average. We lack a system of interpretation. Our present 
crude system, sometimes based on concentration alone, is totally in- 
adequate for the kind of problems you have in the environment. gen- 
py where you have to consider not only one isotope, but a mixture 
of isotopes in a variety of physical and chemical conditions. None 
of these things have been worked out or agreed upon by any type of 
standards organization. 

Representative Ho.irretp. Whose responsibility is it to come up 
with this type of standards? 

Mr. Terriw. I think it is the responsibility of the Public Health 
Service working with professional groups and with the Atomic En- 
ergy Commission. But we are along ways.away from suitable public 
health standards regardless of which groups have the responsibility 
for developing the standards. 

Representative Honirte.p. Are we at the position of knowledge in 
this field to where we can develop those at the present time? 
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Mr. Terriwyt. I think if we look back again at the concept of gross 
activity—I am talking about the environment—as well as specific ra- 
dio nuclides, along the lines Dr. Wolman suggested today, we may be 
able to establish an operational standard or index through which we 
can interpret at least most of the situations adequately. As a matter 
of fact, like the coliform group standard in water, it may turn out to 
be adequate historically, even though it injects an element of con- 
servatism. 

Representative Hortrretp. If we assume that we are to the point of 
setting up operational standards, and I think the testimony so far has 
been negative on that point, are we not faced with a considerablé prob- 
lem of training people to a level of competence where they can exer- 
cise judgment ? 

Mr. Terr. That is very true. The standards have to take into 
consideration not only the scientific factors but the level of com- 
petence available to us in making these assessments. That is the rea- 
son some of these indirect indices, such as the coliform group index, 
have been so good over the years, despite the fact that they are not 
as scientific as a pathogen standard per se. 

Representative Hoxirrevp. It has been testified that we have to go 
beyond the point of known science and project a value judgment. 

Mr. Territz. That is right. 

Representative Hoxririretp. Do you feel that we are far enough 
along the lines where we can do that in a great many cases, and thereby 
set up standards which can be taught to people, first, who will have 
the job of enforcement and control, and second, understood by the 
users of equipment and devices and isotopes? 

Mr. Terriwt. I think we can in certain areas. I think we have been 
successful to a certain degree in this in the X-ray field. I think it 
could be done in the water field at the present time because our levels 
in water are still relatively low. Whether it could be done in air is 
another question. In food, it is a very complex question. I think if 
we march along with the proper professional groups in each case tak- 
eer things up individually, they will gradually solve the 

roblem. 
- Representative Hortrrecp. We have been talking about voluntary 
hae here. Do you not think that it is the res aan of the 

ublic Health Service and the AEC, both of which have legal respon- 
sibility for the protection in this field of public health, to utilize these 
groups such as ICRP and NCRD and get on with the job of getting 
these standards set up, even though they may not be considered rigid 
or permanent? At least should we not go as far as we can with the 
present state of knowledge, with the idea that they will be revised 
from time to time as we learn more? 

Mr. Trrritx. I think we should do that. I don’t think it should be 
restricted to the ICRP-NCRP. I think generally we have used those 
groups quite adequately. I doubt if we have used the AMA, the 
American College of Radiology, the American Water Works As- 
sociation, American Public Health Association, and a number of food 
technology associations to the degree that we should. To some extent 
this is due to the inadequacies they have in their own organizations. 
Sometimes these professional organizations don’t get interested in 
these matters as quickly as you would like them to become interested. 
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Representative Hottrretp. Could this be poshed along by having a 
wider representation on the Federal Council ? 

Mr. Trrrity. That would be one way. Iam really not certain that 
would do it. It might help. : 

Representative Hoxirrerp. Are there any comments on this 
discussion ? 

Mr. Parker. Mr. Holifield, I think I heard Mr. Terrill include the 
American College of Radiology in this list perhaps with the impli- 
cation that some of these bodies have not done their fair share. 
would like to say that in my opinion this is one structure that has 
had for many years one of the most effective committees on units, 
standards, and protection that we have in the Nation, with the ex- 
ception of the central committee of which Mr. Taylor has long been 
the chairman. 

Mr. Terri. I did not mean it in that context. I meant these 
were other groups in addition to the ICRP and NCRP that had com- 
petence and should be used. 

Representative Ho.rirrewp. They should be consulted and their 
skills used. 

Mr. Terrie. Yes. There are many others. 

Dr. Morean. Mr. Chairman, as the chairman of the Subcommittee 
on Internal Dose for the National Committee on Radiation Protec- 
tion and in reply to Mr. Terrill, I would like to say that there are 
recommended levels of maximum permissible concentration (MPC) 
in air and water for 240 siadbenentiblben together with parameters that 
add up to over 12,000 related numbers that have been published and 
can be used in getting permissible concentrations for various mix- 
tures and various physical and chemical forms of the radioactive 
materials. I think also, in spite of the fact that the present Fed- 
eral Radiation Council has not recommended guides with reference 
to the permissible concentration of the radionuclides, from what I 
read they have not ruled out the possibility of.so doing in the fu- 
ture. I believe it is their intent to look intensively into this prob- 
lem and to study these MPC values that the NCRP has recom- 
mended. Then perhaps there will be official MPC guides and per- 
haps the same MPC values as recommended by NCRP can be adopted 
by the FRC and used by the Public Health Service as well as by the 
various atomic energy sites. 

Representative Hotirrecp. Mr. Taylor. 

Mr. Taytor. I would like to comment on one of the points. that 
Mr. Terrill brought out when he was talking about basic criteria 
and operational criteria. In the NCRP-ICRP and the other groups 
as far as I know, you start off with a basic protection criterion for 
the whole body. From this you go to a basic criterion for single 
organs. Assuming that that criterion has been selected properly, 
then by a very devious and difficult route you go to permissible con- 
centration in air or water, such that a person can live in that en- 
vironment and not have his organ dose exceeded.’ The numbers that 
are given by these two bodies, the NCRP+ICRP, are based on this 
body dose which we have reason to believe is reasonable. Whether or 
not these final numbers of permissible concentrations are measurable 
or not measurable have not. been considered at all. . If the work has 
been carried out properly, these numbers represent the amounts that 
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are considered to be acceptable. If it is an important radionuclide 
and you can’t measure it, that is too bad. You have to find out how 
to measure it. If it is important enough, you will find out how to 
ineasure it. 

I don’t think that we ought to leave the impression—I am sure 
Mr. Terrill did not mean to leave the impression—that just because 
it is difficult to measure a particular concentration that you would 
raise it to some level where you could measure it and use that as 
your control figure. I am sure he did not mean that. I just wanted 
to be sure the record was clear on that point. 

Mr. Territt. I merely meant to leave the impression that when 
we have these numbers in these tables, which is a very desirable pro- 
fessional activity, we do not necessarily have a system of measuri 
or interpreting it to the public, and even if we have a system 6 
measuring it in one form, we do not have a system of measuring the 
form that is assimilated into the body, which may be the key form 
in interpretation. 

Dr. Wixu1AMs. I would like to raise another point in this connee- 
tion. We are dealing with an extremely wide range of capabilities 
in the users of radioactive materials. I think for the moment we 
can set aside certain national laboratories and certain large-scale 
users as having competent staffs of personnel, and also all the neces- 
sary capabilities to deal with the complex problems we have been 
talking about. In my day-to-day work, however, I deal with a lot 
of other people, not the public who are users of isotopes who should 
be concerned with what a rad is, but still know no more about it 
than the public does. They have to have someone do radiation pm- 
tection work for them. Theoretically, in order to get a license, they 
must demonstrate a competence. However, these competencies in 
small organizations are fleeting sorts of things. This to me is 4 
major problem that has to be faced. I don’t think we have the seri- 
ous problem in the national laboratories although they have had their 
little occurrences. 

Representative Horirrevp. I think this very point you bring up was 
certainly demonstrated in the Houston incident where you had peo 
ple using materials under situations where apparently they were not 
using them in the proper environment or with a proper control of 
the environment and when an accident did happen, you had trouble. 

Dr. Wiii1aMs. There are many others in the same category. 

Representative Hoxtrretp. The careless placement or loss of some 
of these materials in other instances that we have had is what you 
allude to. 

Dr. Witttams. Yes. 

Representative Hortrrecp. Dr. Turner. 

Dr. Turner. I have a question for perhaps Mr. Taylor. One basit 
point in all of these discussions is what one means by an acceptable 
risk or a nonappreciable hazard or something of this sort. I won 
dered if you would explain or go into a little more detail about this 
statement in Handbook 69. 


However, in the light of present knowledge occupational exposure for the 
working life of an individual at the maximum permissible value recomm 
in the report is not expected to entail appreciable risk in the individual or ® 
present a hazard more severe than those commonly accepted in present-day 
industry. 
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My question would be: What is a definition of “appreciable risk” ? 
Is one saying that the NCRP has looked at the possible benefits from 
the peaceful uses of atomic energy and set the levels with the view 
that the benefits will outweigh the biological risks at these levels? Or 
perhaps the NCRP has said these levels involve a risk which is small 
relative to other occupational risks, so therefore the level should be 
acceptable. Do you want to elucidate on that? 

Mr. Taytor. This goes back to the basic philosophy upon which 
our protection criteria for radiation workers depends; the radiation 
levels for radiation workers are believed to be low enough so that 
they will not cause any appreciable body injury, et cetera. This has 
been described in detail. I don’t remember the words. It is for during 
the lifetime of that person. We have no solid basis for saying what 
the risk is. All we know is that on the basis of radiation workers 
working at levels that we have today and, in times past, at levels 
very much higher than we have ae there is no pattern of injury 
among these people that is yet clearly discernible. 

Dr. Morgan, do you want to comment any further on that? This 

back to our basic philosophy of no observable harm to the 
individual. 

Dr. Morcan. I would subscribe completely to that. I think both 
the NCRP and ICRP have indicated that at these levels it would not 
be expected that one would produce any readily detectable dam 
in the individual. If one were employed a long time at these levels 
the damage would not be readily discernible. However, this does 
not rule out. some biological changes that could be detected by refined 
medical techniques, or does not rule out the likelihood of detection 
of damage by statistical studies if you have large numbers of people 
exposed, and if you assume linearity of certain types of damage as 
a function of dose as discussed by Dr. Parker and others. 

Dr. Turner. I think the significance here might be the point on 
which Dr. Selove touched before, as to the a plicabilit of NCRP 
and ICRP levels to fallout. If one has set the NCRP and ICRP 
levels with a consideration to balancing the biological risk to the 
benefits of the peaceful uses, then the extension of the recommenda- 
tion of the committee to fallout would not be warranted and would 
not be what the committee intended. Would you agree that the 
extension of NCRP or ICRP levels to fallout is warranted or not 
warranted ? 

Mr. Taytor. As you mentioned earlier, both the NCRP and ICRP 
have avoided this specific question of fallout. 

Representative Wikiteuaon. Do you mean, Doctor, that you have not 
taken that into consideration in setting your overall permissible dose? 

Mr. Taytor. No, sir; we have not. 

Representative Horirrep. You have not taken it into consideration ? 

Mr. Taytor, No, sir. 

Representative Hotirretp. Why is it that you have ignored that 
point? It isa reality. 

Mr. Taytor. As far as the committee is concerned, they have not 
concerned themselves with how the material gets ito the body and 
what the source may be or any of the mechanisms. We have fallout. 
What do you do about fallout is a political decision or a social and 
| political decisis. 





70 RADIATION PROTECTION 


Representative Hoxrriretp. My question was not directed to the 
social and political part. My question was directed, and I thought 
Mr. Turner’s question also was directed to the point of whether the 
background level caused by fallout was one of the factors considered 
in the establishment of your standards, not because it is fallout but 
because it was radiation. 

Mr. Taytor. If I understand the question correctly, sir, it was not, 
It was just lumped in with all other sources of radiation. It cer- 
tainly was not specifically considered. 

Representative Hottrrmetp. Was it considered as one of the factors? 
You have many different factors of radiation. 

Mr. Tayrtor. It is one of the sources of exposure. When you are 
considering the overall effect. of all radiation exposure, yes; then fall- 
out does come into the picture. That is correct. 

Dr. Setove. Would it be useful to have some comments perhaps on 
the thinking of the NCRP last year when the strontium 90 occupa- 
tional level was changed from 1 to 2 microcuries. What was the 
thinking of the NCRP which led to that change? One would expect 
that since strontium is a component of fallout that it must have been 
fallout which played a part in that change. 

Mr: Taytor. Let me answer one piece of that, and then I will tum 
the rest over to Dr. Morgan. Fallout was not:a consideration as far 
as the NCRP was concerned. Specifically it was not a consideration 
in relationship to strontium. The committee considered 240 radio 
nuclides, of which strontium was one. Strontium was one that caught 
the public attention when the list of 240 came out. We were not 
considering fallout. specifically. 

Dr. Serove. Certainly you must have been aware that an increase 
in the strontium 90 permissible level would draw considerable public 
attention. -Wasn’t that point discussed ? 

Mr. Taytor. No. It is where the chips fell. I will let Dr. Morgan 
tell you why they fell that way. 

Representative Horirmexp. I have heard of ivory towers. You fel- 
lows were not in an ivory tower, were you 2 

Mr. Tayvor. If I may defend that position, I think, in a sense, it 
is a proper position to work in. I think other people have to make 
the social decisions beyond that. The “ivory tower position” is very 
important here. 

Dr. Wotman. This was the height of objectivity. 

Dr. Morean. These MPC levels for bone and for other tissue were 
based on the concentrations that would lead to certain dose rates, as 
already pointed out, if the exposure lasted over a 50-year period. 
These were set first for occupational exposure.. For these 240 radio 
nuclides we have NCRP and ICRP publications recommending per- 
missible concentration in the air, water, and food, but the values are 
given primarily for occupational exposures. It later developed, how- 
ever, that values were needed for the environment. of these occupa- 
tional groups or of these large control areas.. Even at the time of 
the publication of Handbook .52 in 1953, it was decided that for the 
environment in the neighborhood of plants we would recommend 
one-tenth of these occupational MPC levels; not because we. felt. that 
this was necessarily a good figure, but because this was the best choice 
we had at the time. Some years later the International Commission 
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on Radiological Protection gave further consideration to the popula- 
tion problem; consideration not just for the neighboring population 
but for the total world population. Considering all the facts avail- 
able, the ICRP suggested a dose to the age of 30—the midgenetic life 
of the individual—of 5 rem. It was decided also that three-tenths 
of this would be assigned to internal dose. 

If we take three-tenths of this 5 rem, we get 1.5 rem in 30 years, 
and divided by 30 we get 0.05 rem per year. If you take the occupa- 
tional level of 5 rem per year and multiply by one-hundredth, you 
end up with the same figure. This is where our figure of 1 over 100 
came from. ‘Then when it came to considering not the genetic dose 
nor the dose to the whole body but the dose to the individual organs, 
such as muscle, lungs, kidney, and bone, it was felt that in this case 
you don’t have the synergism and other harmful effects as you do in 
the case when you consider numerous organs all of which are irradi- 
ated at the same time. There was considerable evidence that diseases 
such as leukemia were more directly related to total body exposure 
rather that exposure just to the bone marrow. So it was decided that 
we had a factor of safety of at least 3 for individual organ exposure. 
Therefore, we ended up with a factor of 1 over 30 that was to be ap- 
plied to the occupational MPC value of strontium in obtaining a 
tentative MPC value for the population at large. Why did we double 
the value for strontium from 1 microcurie to 2 microcuries? We were 
given by the main committee the basic parameter with which to 
work; namely, that we were to allow 30 rem to the bone. Actually 30 
rem divided by N (where N was the relative hazard factor and was 
equal to 5) would be 6 rad per year. This corresponded to the limita- 
tion that for bone seekers, such strontium we should make our com- 
parison with the permissible body burden of radium 226 which for 
years had been one-tenth of a microgram. 

If I had a blackboard I could write it down, but if you will follow 
the mental arithmetic, it is this: We take the 10th microgram, multiply 
by the fraction of radium in the bone, which is 99 percent, so we 
multiply by 0.99. Then we multiply by the energy of the radium 
which is 11 Mev. Next we multiply by an RBE factor of 10 for 
radium. ‘This gives us in the numerator a factor of 111, mu'tiplied 
by one-tenth, or 11 in the numerator. In the denominator, in the 
case of strontium, we have the fraction f in the bone of about 0.9. 
This is multiplied by the energy of strontium 90 plus its daughter 
yttrium, which is 1 Mev. Then we use a relative hazard factor of 5, 
so we end up with 2 microcuries of strontium. What I am trying to 
say is that we use the same criterion for strontium as was applied to 
all bone-seeking radionuclides. We do not make an exception for 
strontium. We were given this principal criterion, we applied it 
across the board, and the value for strontium was 2, not 1 or any other 
value. 

Representative Hotirmip. Dr. Morgan, I am glad you explained 
that. If I had known it was that simple, I would not have asked. 

Tam sure your remarks will go down to posterity as one of the sim- 
plest explanations to what I thought was a complex problem. 

Mr. Ramey. I must have had a little trouble following that as a 
layman. How did you arrive at one? 
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Dr. Morean. That is a very good question. I am glad you asked 
that. I will try to answer the question. Setting these values is an 
evolutionary process, and the health physicists, the radiobiologists, 
and various other groups are constantly providing new data. 

In the period between the first handbook (NBS-Handbook 52) and 
the second handbook (NBS-—Handbook 69), it developed for one thing 
that much new data became available for establishing a maximum per- 
missible body burden for strontium. In the earlier period an error 
had been made in assuming the fraction of the daughters of radium 
that were retained in the body in the case of radium. This was per- 
haps the biggest single factor of difference in the old and new values, 
Also, there were new data on the retention of strontium. When these 
factors were applied, comparing the permissible level for strontium 
with that for radium, the new data indicated that in order to arrive 
at the same effective dose rate for radium 226 and strontium 90 the 
figure was 2 microcuries and not 1 microcurie. It was a matter of 
simple arithmetic, using the more current biological data that became 
available. 

Mr. Ramey. I think we had some testimony by Mr. Looney in 1957 
on this radium report. 

Dr. Sevove. In the considerations of the ICRP, which also set the 
2-microcurie level, was there any discussion in that committee about 
the fact that the strontium 90 permissible level would be likely to be 
interpreted by the public, at least by the press, as a reduction in the 
danger of strontium 90 in fallout? Was there any discussion of this 
point in ICRP? 

Dr. Morcan. Committee 2 of the ICRP and NCRP—I happen to 
be Chairman of both, so I can speak for both—does not consider an 
political issues or any such issues as you suggest in setting these val- 
ues. We are provided with a permissible dose rate, and we make 
our calculations on the basis of the physical and biological data 
available. 

We did not consider fallout in our deliberations. I would like to 
say, however, that although the International Committee has more or 
less ruled out any application of our data to war situations, I do not 
think they have clearly defined—or any of the committees have 
clearly defined—-whether these values could be, or whether it is ap- 
propriate that they be applied to fallout. 

I personally feel that this figure of 2 microcuries of strontium 
can be applied tentatively to fallout if it is corrected by the factor of 
1/30. It could be applied to all applications other than medical and 
background. This is a personal opinion. 

Dr. Serove. If I might comment, it seems to me that if one is con- 
sidering strontium 90 produced by industrial airing processes, then 
it is certainly completely legitimate to take this number which ICRP 
and NCRP have recommended and use it as a permissible and ac- 
ceptable level of strontium. 

n the case of fallout, it seems to me the problems are different, as 
I tried to make the point before. If the NCRP and ICRP have 
avoided the relation of fallout to the problem of setting permissible 
levels, one should draw the conclusion that the Congress simply has 
to be more careful when it uses numbers from these organizations in 
trying to make decisions about fallout. It would be useful, also, to 
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try in some way to set up an advisory body which would have not only 
the expert scientific representation that NCRP and ICRP have, but 
m addition some representation from the broader area of the public. 

There are groups, for example, such as a group of scientists for 
information on radiation, which is a subcommittee of the New York 
Academy of Sciences. There is the St. Louis Committee for Nuclear 
Information. These groups include many scientists who approach 
the problem in an objective way, but with a somewhat different view- 

int than one finds for the most part on the NCRP and ICRP. I 

ope, perhaps, that Congress can, in some way, encourage authorita- 
tive groups to broaden their representation. 

Representative Ho.irietp. I might say that those two organiza- 
tions yon mentioned will be witnesses before us on June 3. 

Mr. Parker. Mr. Holifield, I do not believe there is any responsible 
scientist in this country who would say that he knows what this 

articular limit really is to this factor of 2. Dr. Morgan, on my left 

See, has spent a good share of his professional career doing his 
best to work this out and many other numbers for the national bene- 
fit in the absence of precise evidence. 

I think he should feel very pleased that a change by a factor of 
2 in 1 number out of 240 drew enough public attention to gain the 
misinterpretation that this reflected that strontium was twice as safe 
asit was before. I think this is most encouraging for those who want 
to feel that public opinion is a force. 

Dr. Morean. Mr. Chairman, I would like to say that although these 
values given in the handbooks, perhaps, provide the best criterion 
and guide for working with radioactive materials, nevertheless there 
are many great uncertainties. 

In some cases there are uncertainties of more than an order of 
magnitude; 1.e., a factor of 10. When one takes a value of strontium 
of 2 microcuries for the total body burden and divides it by 30 to 
get a figure for the population at large, this is only a very, very rough 
guide that has been suggested by the Internationa] Commission. You 
must keep in mind that this 1s applicable to the standard man in 
general and does not take into account the various parameters of 
uptake by pregnant women and children and variables in a par- 
ticular environment. 

Representative Hoxirreip. That is why a discussion such as this is 
80 a luahie, because it does bring out the thinking of the groups and 
the facts you brought out. 

Mr. Taytor. I would like to go back to the point that Dr. Selove 
has raised several times with regard to the breadth of interest or 
representation, however you would describe it, on these committees. 
I think the suggestion he is making is quite appropriate. 

However, I want to emphasize that both the ICRP and the NCRP 
have taken deliberately a different approach to this. They have 
taken as nearly as possible a straight scientific approach expecting 
that other organizations will make the proper use of the material 
that they have developed. It is unfortunate that some of the material 
has been used incorrectly. 

_ The NCRP has considered at some length the question of broaden- 
ing its base of competence. You might say you should include labor, 
industry, a wide variety of other groups. 
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Representative Horirrerp. You do include industry, do you not? 

Mr. Taytor. Not really as such, sir. There is one industry group 
represented. This is NEMA. This is of historic background, rather 
than of current representation. 

Representative Horirrevp. That is the electrical industry, is it not? 

Mr. Taytor. Yes. Originally, they were brought into the original 
committee because we needed information on the design of X-ray 
equipment which was not easily available by any other source. It is 
very likely that this group will be dropped from the committee in the 
a in order to enable us to draw a sharp scientific-nonscientific 

ine, 

One big difficulty is this. As soon as you start to include industry, 
labor, and a variety of other groups, there is no place to draw the 
line. You have to bring in the ministry, psychiatry, and such a wide 
variety of interests that soon your committee becomes completely 


unwieldy. We would prefer to let somebody else’s committee become: 


unwieldy rather than ours. 

Mr. Ramey. Dr. Taylor, in the print we published last year on 
employee radiation hazards, on page 17—you were wearing, I guess, 
your individual hat, rather than the NCRP hat—you gave a rundown 
on the radiation dose received up to age 30 and relating it to the MPD. 
In that case, I think you did have a category for fallout. 

Mr. Taytor. I remember that. 

Representative Honirretp. You might want to refresh the commit- 
tee on that point that it shows fallout not to be such a serious thing 
in relation to X-rays or natural radiation. 

Mr. Taytor. Yes. This was largely illustrative. It cannot be con- 
sidered as highly quantitative. Looking at the picture with a very 
broad brush, we said at that time that the dose up to age 30 would 
be 5 million man-rems per million of population from medical pro- 
cedures; 4 million man-rems from natural background; and from 
occupational exposure, about 150,000 man-rems—in other words, a 
small percent of the total. In the plant environs, there would be 
about the same amount, about 150,000; fallout, may be 200,000. You 
could add another source today, if you like. We now have some in- 
formation on television receivers. This information leads us to be- 
lieve that the radiation to the public from television receivers is not 
very different from that of fallout. 

Mr. Ramey. Then you havea total of what ? 

Mr. Taytor. The total on this if you take these numbers literally, 
is 9,800,000 man-rems. Our MPD, including background, would be 
14 million man-rems. Therefore, there was a margin of roughly 4 
million rems. 

Mr. Ramey. That is your unparceled area for future uses, you might 
say. 

Mr. Taytor. If you want to consider it that way. 

Representative Bates. Do you want to repeat that comment you 
made on TV receivers ? 

Representative Houirretp. This is for the benefit of the press. This 
will not only give them a headline for tomorrow morning’s paper, but 
it will also throw the television industry into the dumps. Utter 
chaos will reign. 





t? 


ier 


not 


lly, 
1 be 
ly 4 


. 


ight 


you 


This 
but 
tter 


RADIATION PROTECTION 75 


Mr. Taytor. No, sir. This will not, I suspect, because the article 
giving this information was published in this country in this open 
press last November and another article has been freely available in 
England. Both of these articles indicate that the genetic dose from 
television receivers is about the same as that from fallout. 

Representative Barres. How much fallout ? 

Mr. Tay or. Our fallout at the present time? 

Representative Bares. The present level. 

Mr. Taytor. Yes. I might also remark that the NCRP has just 
sent to the press a short statement indicating guide figures for the 
radiation from television receivers. 

Representative Bares. That is what these articles say. What do you 
say about.it? Do you agree with the articles? 

Mr. Tayior. With regard to the radiation from television receivers ? 

Representative Batrs. Yes. 

Mr. Taytor. I have no reason for disagreeing. I have not done the 
study myself, nor has our group done it. 

Representative Bares. Has any disagreement been expressed from 
any source you have heard ? 

Mr. Taytor. I have not heard it. 

Dr. Wuu1aMs. This varies widely from television to television. 

Representative Hortrrevp. I see. 

Dr. Setove. I have no objection to seeing the headlines in tomor- 
row’s paper read: “Television More Dangerous Than Fallout.” It is 
one useful thing to put the problem of fallout into perspective to com- 
pare it to other kinds of radiation. It is a small percentage of natural 
background radiation. But to give either just the percentage effect 
which fallout represents or to give only the number of individuals who 
may be injured, to give either of these alone, puts the problem in im- 
proper perspective. 

If you say that estimates are 10,000 or 20,000 individuals may be in- 
jured in this country in the next few decades from the fallout now 
existing, which is the estimate given to us by AEC representatives, 
that is a frightening number. When people see 20,000, they think here 
isa whole city and everybody in it is going to die. That is not going 
to happen. That gives an improper aspect to the problem. In the 
same way if you say fallout is only 2 percent of natural background 
radiation, everybody says that is no problem. That is improper. One 
has to give both sides to put the problem in perspective. If the head- 
line reads television receivers as dangerous as fallout, the subheadline 
should also read, neither isa grave danger. And the sub-sub headline, 
the criterion as to whether fallout is acceptable is entirely different 
from whether television is acceptable. 

Representative Hosmer. Is the danger in television from the ioniz- 
ing radiation or from the programs? 

Dr. Setove. From the programs. 

Representative Hoxrrrecp. I have seen a lot of people killed on 
television. 

Mr. Parker. I was going to ask a question similar to Mr. Hosmer 
whether this did include the optical radiation and sound radiation. 
I would like to draw the committee’s attention to the chart which we 
would have had up this afternoon if we had not lost the easel we had 
in the other room which gives the summary figure for the 30-year 
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dose. For luminous dial watches, which is voluntarily accepted radia- 
tion, 0.03 rem is the genetically significant dose. Television is given 
as less than 0.03, the same order of magnitude. Both of these figures 
come from a United Nations published report. 

Representative Horirietp. That puts it in some perspective. Mr. 
Hollister ? 

Mr. Hotutsrer. I hate to bring us back to the mundane subject of 
what standards are about and who sets them, but I must confess after 
the afternoon’s discussion I am perhaps more confused than I was 
after the morning’s discussion. 

I was wondering if it would be worthwhile to go around the round 
table, member by member, and ask them to comment on this question, 
which I will give as a series of short questions. I am unclear on 
whether the group or you individually think that standards bear a 
1 to 1 correspondence with hazard, or whether you think the 
are related to actions that somebody ought to take. If you thin 
they are related to actions then I am not clear on what Dr. Taylor 
means by defending the ivory tower attitude. If the ivory tower 
attitude is to be sustained, I can understand why a group such as the 
NCRP would not have on it a social scientist or people familiar with 
other sorts of economic decision theory. 

I would like to have your opinion here in summary, perhaps, for the 
day’s deliberations as to what standards are, what kind of decisions 
they relate to, what kind of decisions went into making it in NCRP 
and ICRP recommendations. Are they medical decisions, biological 
decisions, or are they a combination of these and considerations of 
social and economic matters ? 


Representative Houirrecp. Dr. Morgan, will you start the discus- 
sion ? 

Dr. Morgan. I think these standards are based primarily on levels 
for occupational exposure. They are thought to have a sufficient safety 
factor that you would not expect to have any unacceptable biological 
damage. This was true many years ago—April 1941—when the value 
was chosen for radium at a 10th ee I should say that after 


20 years, this same figure is still used. So, certainly, in the early 
period, as I hope in the present, these committees have shown good 
judgment in selecting values that bear the test of time. It was thought 
in the early period that there was a safety factor of 10 in the maximum 
permissible body burden for radium. 

However, it turns out now, perhaps, the safety factor is no more 
than 5. The values for strontium are based on the same number. So 
for what it is worth, my impression is that these values are set pri- 
marily on the basis of preventing unacceptable biological damage to 
the individual. 

Mr. Ho.iister. Who determines the acceptability in your view? 

Dr. Morcan. The National and International Committee have a 
number of medical people on them. I think that they are listened to 
primarily on these decisions. 

Mr. Ho.uister. So, it becomes a medical judgment perhaps in con- 
sonance with Mr. Parker’s suggestion of the Hippocratic oath. 

Dr. Morean. This is my own impression. 

Representative Hottrretp. Dr. Wolman, do you have any comment? 
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Dr. Woman. I do have to this extent, and I return to your twofold 
question. These criteria to me are related, again, not specifically and 
not quantitatively to hazard. I find that Dr. Morgan and others speak 
of an unacceptable biological ae synonymously with a nondis- 
cernible biological damage, and I prefer the second. 

These criteria are so set as to avoid having ee get discernible 
biological damage. The question of acceptability, im fact, does not 
intrude into these criteria, no matter how often that language is used. 
There is nothing to indicate that anybody on the top of the mount 
has decided that there is an acceptable biological damage that they 
think people ought to have. 

My preference is again for the nondiscernible biological damage ; 
namely, that people shall not be affected biologically as far as medical 
judgment can tell. When that happens, those criteria are necessarily 
set by the best scientific evidence that you can have, preferably in an 
ivory tower. 

Here around the table the departure from the ivory tower comes 
into the question as to an administrative decision as to when these 
criteria are applied, and more important when have they been vio- 
lated or been complied with. The two should not be mixed up. I 
share Dr. Taylor’s view that to determine nondiscernible biological 
damage by the several hundred radio neuclides is essentially a scien- 
tific question and can only be decided by that method. It cannot be 
decided, I would say, even in a congressional committee by debate, 
because you need the essence of that scientific information. Where 
you then go into the marketplace for administrative action, you are 
then confronted as to whether you relax these criteria, whether the 
criteria are complied with, and by whom, and who polices them. 
You have the degrees of instrumentation and measurement by which 
to police them. Here you come into a number of very fuzzy areas 
because we lack something of every one of them. 

I would hate to see the scientific decisions on biological effect deter- 
mined by a vast Sanhedrin, no matter how well selected, because it is 
not of that nature. Do I make myself at all clear? 

Mr. Hotutster. How would you apply your argument to those who 
say that the damage we are concerned with is the possibility of an 
increased incidence in some effect such as leukemia distributed over a 
population ? 

Dr. Wotman. The only way in which you can do it to my mind, 
as in NCRP and ICRP, is to accumulate the best and finest medical 
and biological evidence there is, and with the best of statistical mate- 
rial there is—the best that you can find. 

Everybody admits, including Mr. Taylor, that this is not as good 
as anybody would like yet. But as I said this morning, it is the best 
there is, and then you act upon it. 

Mr. Hotuister. Do you believe it is rational to translate this “no 
discernible injury” concept for individuals over such a group as 
occupational workers to the population at large ? 

Dr. Wotman. I think it is rational. I think it is terribly difficult. 

Mr. Hoxsisrer. But the “no discernible injury” will not satisfy 
those who say that there will be a statistically measurable increase. 

Dr. Wotman. You do not, in fact, satisfy them all. Not because 
you do not like to, but you cannot. You have never satisfied many 
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genetically interested people and many competently genetically in- 
terested people simply because you are looking for a long-term effect 
which they themselves can only mathematically or statistically calcu- 
late and at the moment not yet fully demonstrate. 

You, at least, try to keep your level sufficiently low that again you 
would try to give them the benefit of the doubt. Our progeny have 
to get the benefit of the doubt. I am sure that Mr. Parker and Dr. 
Williams and Dr. Morgan and Mr. Taylor may wake up someday and 
find that they gave them more safety than they needed or that they 
gave them somewhat less than they needed. But I think their excuse 
is valid, that is the best they could do with the limited amount of in- 
formation available. 

Representative Horirtetp. Dr. Selove? 

Dr. Sevove. It seems to me that the criterion as to what is accept- 
able is very much different for an occupationally exposed group which 
may number some tens of thousands of people on the one hand, and 
the entire population on the other. 

Dr. Wotman. That is debatable, too. 

Dr. Srtove. It may be useful to put some numbers into the dis- 
cussion for a couple of minutes. 

Suppose we consider the strontium 90 acceptable occupational level 
of 2 microcuries. The practice in all industrial rk “THE involv- 
ing radiation is to try to keep the exposure far below the proposed 


permissible level. Let us suppose in an industrial application a large 
number of workers was exposed to one-tenth of this level, say two- 
tenths of a microcurie of strontium 90, that represents a dose about 


five times as large as background. 

If background produces 10 percent of leukemia, and, of course, it 
may produce none, then this strontium dose might produce a 50-per- 
cent increase in leukemia. Fifty-percent increase in leukemia means 
what ? 

If you have a thousand workers in a plant, if none of them were 
exposed to radiation in the United States something like five of them 
would die of leukemia when they finally died. If you have a 50-per- 
cent increase, seven will die of leukemia instead. It is obviously 
impossible to tell if there has been any effect at all. In those terms, 
a 50-percent increase in Jeukemia in a thousand exposed workers is an 
acceptable damage level, because the impact is just going to be small. 

Since people cannot even tell whether they really are suffering any 
effect or not, they will not be very worried about it. On the other 
hand, if there were an exposure level of this size, in the entire popula- 
tion of the United States, and if one could estimate that there might be 
a 50-percent increase in leukemia, that would mean that instead of 
having 10,000 leukemia deaths a year, you would have 15,000 leukemia 
deaths a year. It seems that would be hardly likely to be acceptable 
to the population. 

Dr. Wotman. To whom? 

Dr. Serove. To those people who die of leukemia or their families 
it would probably be a matter of some concern if they thought that each 
leukemia death that they were personally related to in some way had 
a one-third chance of resulting from radiation, unless they were con- 
vinced that this radiation was the accompaniment of some activity of 
high value to society. In that case, they might consider it acceptable. 
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The point I want to make is just this. A level which represents an 
acceptable level on an occupational level basis can represent a ve 
unacceptable level if you have a very large number of people exposed. 
I think in drawing on occupational-permissible levels and trying to 
modify them in any simple way as a one-tenth or one-thirtieth factor 
to derive a population-permissible level is a procedure which one should 
not follow without studying the situation very carefully. 

One has to try to make these numerical estimates, it seems to me. 
A decision as to what is an acceptable level for a widespread radiation 
effect has to be made on different grounds than the decision as to what 
is an acceptable level for an occupational group. 

Representative Honirretp. Mr. Taylor? 

Mr. Taytor. I would like to discuss for a moment the use of these 
terms, discernible, acceptable, and so on. 

If the committee will refer to some of my testimony last year, I had 
a paper in there discussing the difficulty of dealing with any of these 
concepts. What is not observable today may become observable some- 
time in the near future, then we have to change our sights as to what 
we consider acceptable in the way of a permissible dose level or per- 
missible dose standard. The difficulty here is that all of the things 
that can happen as a result of radiation—that is, all of the disease that 
can occur as the result of radiation—can also occur from perfectly 
normal causes in people who have no radiation exposure history. 

At the present time, there is not statistical evidence available that 
shows clearly that our population of radiation workers is suffering in- 
juries statistically or otherwise. 

If the groups in setting these numbers had any feeling that they 
were observing any effect on the individual due to these exposures, 
they would consider dropping the permissible levels still further. As 
a matter of fact, there are no causative relationships that we know of 
between these low-level exposures and observable injury or detectable 
injury to the individuals. This is the big difficulty. It is going to take 
a considerable time, I expect, before we will have the necessary statis- 
tical information as to whether or not this group of radiation work- 
ers exposed to a certain level of radiation is going to have a different 
pattern of disease from another similar group that is not so exposed. 

Representative Horirrecp. If any of you gentlemen have not com- 
mented, and you wish to do so, you may and then we will close shop. 

Mr. Territu. I would like to make a few general comments, Mr. 
Chairman. 

First, we actually welcome this ivory tower approach of the NCRP 
and we hope that they will continue to put out their recommendations 
more or less without regard to levels of fallout or any of the practical 
problems if they so choose. Our only concern is that after we have 
this information in these handbooks that people will recognize some 
of the discussion that has oecurred here and recognize that we can only 
use these numbers as guides. They have to be fitted into practical sit- 
uations, such as others have discussed here today, in a way that can be 
interpreted to the public and to health officers who are asked specific 
and direct. questions such as, is this food safe? In the final analysis, 
it does not help much at that level to say, “This is an ivory tower ap- 
proach and you can just ignore the fallout problem.” 

Often that is what they are interested in. 

Representative Horirretp. Dr. Williams? 
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Dr. Witi1aMs. I would like to make a couple of points. 

One is I would also like to go along with the adel ivory tower 
approach. I would like to see NCRP back away from legislative 
problems. 

Mr. Taytor. It is. 

Dr. Wituiams. And stick to the ones with which they have been 
dealing so adequately. I think the important problem as far as this 
is concerned has been the misuse of information after it was put out. 

As Mr. Taylor says, NCRP does not try tosell their numbers. They 
put them out and anyone who wishes to utilize them in standards work 
can do so, and many do. I would like to stress, as was pointed out by 
the questions, that this point needs to be said and said and said again: 
these numbers involve a tremendous amount of judgment. They are 
not cut and dried. They cannot be proved. They are not black and 
white. The users must accept this judgment. T think that NCRP 
has done everything they possibly could in their literature to point 
this out. How it can be ignored is beyond me. 

Another point I would like to make is this: we have had radiation 
injuries to date, and these radiation injuries go back some 40 years, 
both in industry and among the medical profession. In every case 
that I know anything about, these injuries have resulted from very 
large overexposures from radiation levels far above the kind of levels 
we are talking about here. I think these two things must be separated. 
We were talking about the public a minute ago, and the public is im- 
pressed with overexposures. It has not been made clear to them 
that these were major overexposures and were not something that 
invalidated our permissible doses. 

Representative Hoxirtevp. In other words, the people who were in- 
jured in the radium painting of watches were subjected to much great- 
er exposure than the amount we have been talking about today. 

Dr. Witurams. That is correct. This is also true of the shoe-fitting 
fluoroscope cases. I would like to take this opportunity also to bring 
up another public enemy, which is the use of X-ray devices for detect- 
ing thefts of materials from industrial plants. 

The problem is that security people like to use this device, a machine 
consisting of three X-ray tubes which give a full, whole body ex- 
posure at one time. We recently detected one of these in an installa- 
tion which was doing nuclear energy work. They had a fine radi- 
ation protection program in the plant. However, we found exposures 
as high as 15r in a year to individual workers leaving this plant as a 
result of this so-called security measure. We have reached some of the 
security people and secured elimination of the problem. We ho 
ultimately to reach all of them. I think these desires should be abol- 
ished from the face of the earth, since they serve no useful purpose 
and have produced high radiation exposures. 

One other point is that I am very much in favor of getting away from 
this word “standard” and going to the word “guide.” We have al- 
ready done this in the occupational health field dealing with toxic ma- 
terials. I have a series of them here of some 90 chemicals. There are 
the hygienic guide series of the-American Industrial Hygiene Associ- 
ation. It includes not only safe levels but all the properties of each 
material. I hope we can move in this direction for the benefit of the 
medium- to small-sized user of radioactive materials, who needs this 
kind of practical guidance. 
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Representative Hotirietp. Dr. Morgan, we will hear from you and 
then we will adjourn. 

Dr. Morgan. On this word “discernible” radiation damage, I would 
like to point out further that there are several reasons why radiation 
damage has not been discovered in occupational workers. One is that 
the average exposure in most of these large atomic energy plants is 
of the order of 5 or 6 percent of the permissible level. Another reason 
is that it requires perhaps 15 to 20 years for some types of damage to 
show up. However, on the other side of the picture we have many 
people in our country that are drinking water that contains radium 
that is several times the permissible level for radium and presumably 
the hazard there would be similar to that from strontium at the per- 
missible level. Here we have groups that have been subjected to this 
exposure in their own drinking water for many years, perhaps gen- 
erations. So, when you speak of discernible, you are also speaking 
of our ability to detect or the epidemiological efficiency in determining 
these hazards. We have not determined any damage from drinking 
this water. 

Representative Horirretp. This does not necessarily mean there 
was no damage. It just means that we have no statistical study of the 
cases of these people. 

Dr. Morean. It means that the studies have not been pursued ade- 
quately to detect radiation damage. 

Representative Horrrtetp. When you use that illustration and let 
it stand without explaining that you do not know what the damage 
was, do you not leave a false impression on the record ? 

Dr. Morean. I think so; yes. 

Representative Hosmer. There have been some studies made; have 
there not? 

Dr. Morean. Studies of small groups, but not on an epidemiological 
basis where you take into account thousands of people to get a figure 
of statistical significance. 

Representative Hosmer. Such studies have not been made with re- 
spect to the birth and death rate. That would not be the same. 

Dr. Wotman. No. They are gross rather than specific, and they 
are not on large numbers. It is, I think, from my point of view 
unwise. 

Representative Hossrer. There are whole populations involved. 

Dr. Wotman. Not of the type that would ccaneaal significant 
one way or another. It is, I believe, unfortunate to keep referring 
to that body of population exposed to radioactive drinking water with- 
out that evidence ever having been completely supported. 

Mr. Ramey. The General Advisory Committee did that last year in 
reference to our fallout hearings. 

Dr. Wotman. Yes. I am still looking for the epidemiological data 
on radioactive drinking water and I do not know where it is to that 
extent. 

Dr. Morgan. I subscribe to that completely. 

People often refer to the lack of radiation damage from thorium 
and monazite sands, but when our NCRP committee asked for the 
evidence we received no statistical evidence that there are not increased 
hazards in working and living with this thorium. 
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Representative Hoxirretp. I think on that note, the chairman will 
announce our topic tomorrow morning will be Activities of Federal, 
State, and Private Agencies in Radiation Protection and Relationship 
Among Agencies and Groups Concerned With Radiation Standards, 
Incidentally, we will be back in the old Supreme Court, room P-63, 
in the Capitol Building. 
(Supplementary material submitted by Mr. Taylor follows:) 

(Further comments submitted by Mr. Taylor :) 








(I) 


In the roundtable discussion at the hearings on May 24, there was some dis- 
cussion centering about the scope and methods of activity of the NCRP. It was 
brought out that the NCRP intends to limit its activities more sharply to con- 
siderations of a scientific and technical nature and, furthermore, that it does 
not intend to include in its membership representatives of nontechnical groups 
such as industry, labor, social “sciences.” 

The point was also brought out that the NCRP has not considered the problem 
of fallout as a special problem in itself. This led to the introduction of the idea 
of the NCRP operating in an “ivory tower.” 

It was my interpretation that the remarks embodying this term were made 
in a light vein—my own remarks certainly were. However, in cold print, these re- 
marks might be regarded more seriously by some readers. Since the expression 
“working in an ivory tower” may imply working in isolation, or apart from prac- 
tical considerations, I should like to assure the Joint Committee that as far as 
the NCRP is concerned nothing could be further from the truth. The NCRP 
intends to continue to deal objectively with problems in the general field of radia- 
tion, protection and measurements and in the course of its studies will continue 
to consult with such outside groups or individuals as it may deem necessary. 

It will deal with whatever problems it is considered appropriate to its overall 
objectives. It will probably continue to avoid dealing with problems of fallout, 
industry standards, ete., not because of working in an ivory tower atmosphere, 
but because the committee feels that. these problems are more appropriately dealt 
with by other groups, (National Academy of Science, United Nations Scientific 
Committee on the Effects of Atomic Radiation, American Standards Association; 
respectfully ). ; 

On the other hand, it is not unreasonable to expect that the NCRP, by its normal 
considerations, will continue to contribute to the basic understanding of these 
specific problems, along with many others. As far as the NCRP is concerned, 
fallout is just one of the many sources of radiation to which the population may 
be exposed. To take'one component of fallout as an example, the committee has 
attempted to evaluate the hazards of strontium 90 regardless of whether it oc- 
curs in fallout, a wristwatch, a nuclear battery, or a reactor. Once the strontium 
is in the body, the body is unaware of its source. 

I trust that this brief explanation will serve to remove any apprehension that 
the NCRP expects or intends to remove itself from the atmosphere of scientific 
and technical reality that has always governed its activities. 





(II) 


At the roundtable discussion on May 24, and during the testimony given by 
Dr. Failla on May 26, questions were asked about the modus operandi for the 
production of an NCRP or ICRP report. As there was not an opportunity 
to fully supply this information at the time, I shall do so. herein. 





I. NATIONAL COMMITTEE ON RADIATION PROTECTION’ AND MEASUREMENTS (NCRP) 
















A particular study resulting in a report or recommendation by the National 
Committee on Radiation Protection and Measurements (NCRP) may be origi- 
nated in any of a:variety ‘of ways, (@) by any individual member calling a 
particular need to the attention of the executive committee; (b) a request or 
suggestion from someone outside of the committee; and, (c) by the executive 
committee itself. : 

This latter procedure is the most common means. In any case, any request 
or suggestion is reviewed by the executive committee and a decision must be 
reached by a three-quarters vote. The decision is then transmitted to the main 
committee and again requires a three-quarters vote for approval. 
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If the action requires the establishment of a special committee, the executive 
committee chooses an appropriate chairman, either from amongst the present 
members of the NCRP or by inviting someone from the outside. The most 
suitable person that the committee can obtain, regardless of committee member- 
ship, is chosen for this task. ‘The action of approving the chairman, again must 
be approved by a three-quarters vote of the main committee. 

The new subcommittee chairman is then asked to make recommendations as to 
subcommittee membership, drawing as much as possible upon existing members 
within the NCRP but going outside of the NCRP whenever it is felt that higher 
specialized competence can be obtained. Final approval of the subcommittee 
membership is made by the executive committee. 

The subcommittee is given appropriate instructions by the executive committee 
and, in turn, reports back ‘to the executive committee as to its proposed plan 
of action and general scope of activity. If there is any question about this the 
matter is submitted to the main committee for discussion and approval. 

The subcommittee meets as frequently as is deemed necessary, and, when it 
has, itself, approved a report by at least a’ three-quarters vote, the matter is 
then submitted to the executive committee which, in turn; submits it to the 
main committee. All reports released through this process require a three 
quarters vote of approval by the main committee. 

Written ballots on the report are retained for record purposes. Upon accept- 
ance by the main committee the report is submitted through National Bureau of 
Standards editorial channels ‘and is published as a NBS Handbook. 

There are frequent occasions when the committee feels that it is desirable to 
obtain additional outside views or comments on a report before release for publi- 
cation.’ Copies are sent to outside readers whenever deemed necessary. AS an 
example, Handbook 42, “Safe Handling of Radioactive Isotopes,’ was preprinted 
and about 300 copies widely circulated over the country. Final release was not 
made until over a year later, when there had been an opportunity to digest the 
outside comments. 

Handbook 61, “Regulation of Radiation Exposure by Legislative Means,” 
was preprinted to the extent of about 250 copies. These were distributed to many 
State health and labor departments; to numerous attorneys; officials of Federal 
agencies, etc. ; and again the final report was not released until comments received 
from these individuals were digested. A recent report on the “Measurements of 
Absorbed Dose of Neutrons and of Mixtures of Neutrons and y-Rays,” was 
circulated to two other subcommittees of the NCRP, in addition to the membeér- 
ship of the committee that wrote it. It was also sent to selected experts in the 
field located at various laboratories throughout the country. 

The exact procedure varies, as can be seen, depending upon the nature of the 
report. However, there are very few reports prepared by the NCRP that do not 
receive this specialized review to some degree or other. 

On matters of a relatively minor nature the executive committee itself will 
consider the problem and will prepare the necessary recommendations. These 
will go through the same procedure as outlined above before release. 

The amount of time spent on reports varies greatly between reports. The 
studies by the subcommittee on maximum permissible concentration of radio- 
active materials in air and water, under the chairmanship of Dr. K. Z. Morgan, 
were begun in 1946 and have been worked on continuously ever since that time. 
This particular subcommittee meets two or three times a year and in addition 
works through an enormous amount of correspondence. It is estimated that 
between the production of the two reports of this committee, issued in 1953 and 
1959, some 50 man-years have been expended. 

The degree of effort on any particular report, of course, depends upon the 
report itself but it is doubtful whether many of the reports issued thus far 
by the NCRP involve less than 1 or 2 man-years of effort. In general, it 
is not felt that any study has involved situations so critical as to require a 
crash effort. The most effective method of working on the reports appears to 
be to hold such meetings as necessary, subdivide the work into task groups that 
work actively between meetings, and eventually pull all of the material together 
in a single report. 


Il, INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 


The procedures for the ICRP are somewhat similar to those described above 
for the NCRP, although because of distances between workers located in different 
countries, the work necessarily moves somewhat more slowly. 

ICRP projects may be originated by individual members of the Commission 
or by the Commission itself. In any case, they are subject to review by the 
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Commission before activation. Committee chairmen may be selected from among 
the Commission membership or by special invitation. The objective is to find 
the best suited person for the particular task and this person is chosen without 
regard to nationality. 

ICRP committees work separately and then bring their reports to the Commis- 
sion for review and approval. Commission meetings are held at least once every 
3 years but during the past several years they have met one or two times per 
year in addition. The length of the meetings range from 1 to 2 weeks. 

The work of the Commission, because of its international nature, has certain 
complicating as well as simplifying factors. A complication is in the matter of 
communications because of distances involved. Another complication results 
from the fact that various countries have different approaches to the same 
problem. . While basically these are rarely very different nevertheless they fre- 
quently require reaching acceptable compromises. 

To some extent the work of the Commission is simpliffed by the fact that 
various countries have such groups as the NCRP in this country, the British 
Medical Research Council; the German Standardization and Protection Organi- 
zations, ete. These national groups tend to develop detailed concepts and rec- 
emmendations which frequently save the ICRP from having to start from the 
very beginning. For example, in the 1956 report the work of the Committee 
on Permissible Dose for Internal Radiation and the Committee on X-ray Pro- 
tection were able to follow very closely the reports from the corresponding com- 
mittees of the NCRP. In fact for the past 4 years the NCRP and the ICRP 
Committees on Internal Dose have worked jointly on the development of in- 
formation on maximum permissible concentrations. This was of great value 
to both groups and resulted in a large saving of manpower. This arrangement 
was completely unofficial as the ICRP does not have official relationships with 
protection committees in individual countries. The whole operation was never- 
theless extremely effective. 

Depending upon circumstances, reports of the ICRP before final publication 
are submitted to a special editorial board. This is to insure the avoidance of 
conflicting statements that might occur in reports of the individual groups. 
Upon completion of a report the material is published by a private publishing 
house. It is also made available through the World Health Organization and 
other groups for translation into various languages. 

Occasionally the ICRP undertakes special studies by request from outside 
agencies. It has completed one such study which was supported to a substantial 
extent by the U.N. Scientific Committee on the Effects of Atomic Radiations. It 
is presently engaged in a second such study. These two programs are carried 
out jointly with the International Commission on Radiological Units and 
Measurements. 


Ill, THE DISPOSITION OF THE NCRP AD HOC COMMITTEE ON SOMATIC DOSE FOR THE 
POPULATION * 


The subject report was completed by the ad hoc committee and submitted 
to the NCRP in May 1959. In accordance with NCRP procedures no action 
could be taken on this report until after it had been fully reviewed. by the 
committee. Such a review took place during the several months following its 
submission. At the meeting of the executive committee in November 1959 the 
report was accepted. However, there were a variety of comments and questions 
raised with regard to some details of the report even though there was general 
approval of the basic approach and concepts. 

The report, if officially adopted and promulgated by the NCRP, would necessi- 
tate substantial changes in many of the numerical recommendations made by 
the NCRP. It was felt that considerable further study would be required be- 
fore these could receive final approval. Therefore, the report was transmitted 
to NCRP I, “Permissible Dose From Ionizing Radiation. This committee will 
consider the recommendations of the ad hoc report, together with the overall 
problem, and in due course will make such issuance as it feels is appropriate. 


(Whereupon, at 3:45 p.m., the committee was recessed, to reconvene 
at 10 a.m., Wednesday, May 25, 1960.) 


* See testimony of Dr. James Crow (p. 220) and Dr. G. Failla (p. 177). 





RADIATION PROTECTION CRITERIA AND 
STANDARDS: THEIR BASIS AND USE 


WEDNESDAY, MAY 25, 1960 


Coneress of THE Unrrep Srartes, 
SPECIAL SUBCOMMITTEE ON RapIaTION, 
Joint Commitree on Atomic ENeErey, 
Washington, D.C. 

The subcommittee met, pursuant to recess, at 10 a.m., in room P-63, 
the Capitol, Hon. Chet Holifield (chairman of the subeommittee) 
presiding. 

Present: Representatives Holifield, Price, Aspinall, Hosmer, and 
Bates; Senators Anderson and Aiken. 

Also present: James T. Ramey, executive director; Carey Brewer 
and George F. Murphy, Jr., professional staff members; Hal Hol- 
lister, Richard T. Lunger, and James E. Turner, teehnical consult- 
ants, Joint Committee on Atomic Energy. 

Representative Horirretp. The committee will be in order. 

This morning the Special Radiation Subcommittee of the Joint 
Committee on Atomic Energy will resume its hearings on the basis 
and use of radiation protection criteria and standards. 

We are pleased to have as our witnesses this morning the Honor- 
able Arthur S. Flemming, Chairman of the Federal Radiation Coun- 
Dye Mr. Elmer D. Staats, Deputy Director of the Bureau of the 

udget. 

Before we receive their testimony, I should like to observe that the 
Joint Committee on Atomic Energy has been very interested in activi- 
ties of the executive branch in the general field of radiation protec- 
tion standards. The Joint Committee was instrumental in providing 
a statutory basis last year for the Federal Radiation Council, which 
was originally created by Executive order, and we have followed its 
recent activities with considerable interest. 

For the record, I may note that last fall we advised the Federal 
Radiation Council of our intention to conduct the present hearings, 
and the Council succeeded in issuing its first report and “Radiation 
Protection Guide” 1 week before the hearings began. 

Also, soon after our fallout hearings were announced in the spring 
of 1959 the Atomic Energy Commission announced that the National 
Academy of Sciences had been asked to bring up to date its studies 
on the biological effects of atomic radiation. The National Academy 
study was released approximately 2 weeks before our hearings began. 

It may also be noted in the course of our hearings on fallout last 
year the AEC came up with a rather hastily prepared general ad- 
visory committee report. ee 
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The Joint Committee is not in a position to say that each of these 
cases represents a cause-effect relationship, but we like to believe that 
we are to some extent stimulating the executive branch and even en- 
couraging executive agencies to consider more promptly some of the 
impor rtant problems that need to be faced in the subject field of radia- 
tion, and in other important fields. 

We will now have as our first witness, Mr. Staats, Deputy Director 


of the Bureau of the Budget. Will you please come forw: ard, Mr, 
Staats? 


STATEMENT OF ELMER B. STAATS,’ DEPUTY DIRECTOR, 
BUREAU OF THE BUDGET 


Mr. Staats. Good morning, Mr. Chairman. 

Mr. Chairman, I fear that my statement may be a bit long. We 
have done our best to reduce the length of it, but under the circum- 
stances, since we are here today to give you the background as to how 
the Federal Radiation Council came into being, we thought it would 
be better to give you a fairly detailed statement. 

Representative Horrrmeip. When you get to pages 10 and 11, we will 
insert the eight articles, and you can give ‘the rest, 

Mr. Sraats. Yes, sir. 

I am pleased to appear before your committee to explain the back- 
ground concerning the establishment of the Federal Radiation Coun- 
cil, and related matters. 


OUTLINE OF WHAT IS TO BE DISCUSSED 


During the course of my testimony I will discuss the following 
topics: 

(1) The initiation of the joint Atomic Energy Commission-Depart- 
ment of Health, Education, and Welfare-Bureau of the Budget study 
of radiological health organization by the President, and the basis for 
Bureau of the Budget participation in that review. 


(2) The relationship between radiological health activity and radia- 
tion Phe ‘histe standards. 


(3) The historic establishment of basic radiation protection stand- 
ards. 


oO Organizational principles. 


(5) Providing advice for the President in the formulation of basic 
radiation protection standards. 


1 Served as Deputy Director of the Bureau of the Budget since Mar. 16, 1959. Prior to 
his appointment to this post by the President, he had been an Assistant Director. 

Mr. Staats returned to the Bureau of the Budget in September 1958 after an absence of 
5% years. He had been Deputy Director from April 1950 to early in 1953. He then left 
Government service to become research director for Marshall Field & Co. in Chicago for 
approximately a year. He reentered Government service at the end of 1953 as executive 
officer of the Operations Coordinating Board, serving as staff director for the new Board 
established by the President to provice interagency coordination of the implementation of 
policies approved in the National Security Council. 

Mr. Staats first joined the Bureau in 1939. Preceding his appointmen as Deputy 
Director in 1950, Mr. Staats had been Executive Assistant Director and Assistant Director 
for Legislative Reference. During World War II he was in charge of the Bureau’s esti- 
mates work covering the major war agencies. Before coming to the Bureau, he was with 
oo Legislative Council in Topeka, Kans., and the Public Administration Service 
n cago 

He received an A.B. degree from McPherson College, McPherson, Kans. ; an M.A. degree 
from the University of Kansas, and a Ph. D. degree from the University of Minnesota. 
He was a fellow of the Brookings Institution from 1938 to 1939. 

He was born in Richfield, Kans., on June 6, 1914. He is married and has three children. 
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(6) Executive Order 10831 establishing the Federal Radiation 
Council. 

(7) Public Law 86-373, legislation establishing the Federal Radia- 
tion Council. 

(8) Presidential assignment of primary responsibility to the Secre- 
tary of Health, Education, and Welfare for reporting the public 
health implications of environmental radiation levels. 

(9) Agency responsibilities regarding the transfer of certain Atomic 
Energy Commission responsibilities to the States. 

(10) Future role of the President and the Federal Radiation 
Council. 

THE INITIATION OF THE JOINT STUDY 


During the latter part of 1958 and early 1959 it became evident that 
areview was needed of the organization of radiological health activi- 
ties in the Federal Government because of (1) the growing signifi- 
cance of resources expended on activities related to radiation pro- 
tection; (2) the existence of some uncertainty as to the respective 
roles of the various agencies; (3) public criticism of existing arrange- 
ments; and (4) active consideration by the Congress of legislative pro- 
ee dealing with radiological health organization and responsi- 
bilities. 

On the basis of preliminary study by the Bureau of the Budget and 
discussions with the heads of the agencies principally involved, an 
announcement was made on April 3, 1959, by the White House that, 
by direction of the President, a review of the Federal organization 
of radiological health activities had been initiated by the Secretary 
of Health, Education, and Welfare, the Chairman of the Atomic 
Energy Commission, and the Director of the Bureau of the Budget. 

As the committee is aware, the Bureau of the Budget provided 
leadership for the review and was responsible for making recom- 
mendations to the President upon its completion. This action was 
taken by the Bureau at the President’s request, under the statutory 
authority of the President, through the Director of the Bureau of 
the Budget, to evaluate and develop improved plans for the organiza- 
tion, coordination, and management of the executive branch of the 
Government. 

During the course of the review, radiation protection activity was 
divided for purposes of analysis into four broad, interrelated cate- 
gories: research, the establishment of radiation protection standards, 
the measurement and evaluation of radiation levels, and regulation 
and control. Since this hearing is centered around the topic of stand- 
ards, I shall refer primarily to that subject during the course of my 
remarks. I shall also comment where relevant on other facets of the 
problem which have involved presidential action. 


THE RELATIONSHIP BETWEEN RADIOLOGICAL HEALTH ACTIVITY AND RADIA- 
TION PROTECTION STANDARDS 


We found during the course of our reyiew that peacetime radiation 
protection activity centers around the development nad formulation 
of radiation protection standards. Research, monitoring, evaluation 
of radiation levels, and the day-to-day regulation of radiation haz- 
ards are all directly related to such standards. 
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Basically there are two different kinds of radiation protection 
standards—operational standards, and basic standards. Operational 
radiation protection standards are used in the day-to-day regulation 
and control of radiation contamination and exposure. Federal agen- 
cies are responsible for establishing operational standards applying 
to activities within their jurisdictions which involve the possibility 
of radiation exposure. Operational standards usually take the form 
of rules and regulations which sometimes have the effect of law, and 
sometimes constitute internal operating instruction. For example, 
operational standards promulgated by the Atomic Energy Commis- 
sion for the regulation of licensee operations have the effect of law. 

Individuals may be exposed to radiation in the context of three 
different situations: as a medical patient for diagnostic or therapeutic 
purposes; as a worker during the course of his occupation; or as a 
member of the general population who may be exposed to naturally 
occurring radiation, or to contamination resulting from manmade 
uses of radiation or atomic energy. Radiation protection standards 
are intended to apply only to occupational workers, and to individuals 
in the general population, since medical diagnostic and therapeutic 
use of radiation involves in each case a decision which is made in 
the context of the doctor-patient relationship as to the necessary 
exposure. 

With respect to occupational and population exposure, Federal 
agencies have peso bifitite regarding the control of radiation haz- 
ards which go beyond the functions normally exercised by the National 
Government in connection with environmental hazards. This is be- 
cause the development of atomic energy in this country has largely 
occurred under Federal auspices. In addition to its control of atomic 
energy, the Federal Goverment operates many facilities in which indi- 
viduals may be exposed to radiation in the course of their occupation. 

I would now like to turn to the second type of radiation protection 
standards, namely, basic standards, The operational standards which 
I have just discussed are derived from basic standards or basic guid- 
ance. Basic standards pertain to the doses which an individual may 
be permitted to receive from internal or external sources of radiation 
of all kinds and energies. Such basic standards are given practical 
significance only as a result of the application of operational stand- 
ards which are derived from them, 

Basic radiation protection standards or guidance are quite unlike 
ordinary measurement standards. It is widely recognized that their 
formulation is not solely a matter of scientific determinations. As 
stated in the recent memorandum for the President from the Federal 
Radiation Council : 

Fundamentally, setting basie radiation protection standards involves passing 
judgment on the extent of the possible health hazard society is willing to accept 
in order to realize the known benefits of radiation. It involves inevitably a 
balancing between total health protection, which might require foregoing any 
activities increasing exposure to radiation, and the vigorous promotion of the 
use of radiation and atomic energy in order to achieve optimum benefits. 

Dr. Lauriston 8. Taylor, chairman of the National Committee on 
Radiation Protection and Measurements, has expressed it in these 
words: 
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* * * the establishment of permissible levels of radiation exposure is not 
basically a scientific problem. Indeed, it is more a matter of philosophy, of 
morality, and of sheer wisdom. * * * 

Dr. Charles L. Dunham, Director of the Atomic Energy Commis- 
sion’s Division of Biology and Medicine, has compared such standards 
to speed limits: 

A speed equal to the speed limit is not an absolutely safe speed since many 
serious accidents occur at lower speeds. Nor is it extremely dangerous to drive 
at speeds somewhat greater than the speed limit. Neither a recommended max- 
imum permissible dose nor a speed limit has any particular significance beyond 
marking the point at which an advisory group has agreed to draw the line in 
recommending a maximum degree of hazard appropriate under a given set of 
circumstances * * *, In principle, establishing the best possible value for a 
maximum permissible dose of radiation involves at least three independent 
evaluations: (1) estimating the total biological risk, (2) estimating the benefits 
to be gained from taking the risk, and (3) balancing the risk against the reason 
for taking the risk. 

Basic radiation protection guidance represents decisions of the 
utmost importance. Under current assumptions any exposure to radi- 
ation may produce a biological effect, so, unless we are willing to 
forego all use of radiation and atomic energy together with the many 
benefits to be derived from such use, the possibility of some risk to 
health must be taken into consideration. Permissible exposures could 
conceivably be set so low that the myriad benefits of the use of radia- 
tion and atomic energy could not be realized without infeasible or 
unwarranted costs, if at all. On the other hand, the health hazard 
resulting from possible widespread, indiscriminate, and careless use 
of radiation or atomic energy might be higher than the resulting 


benefits, if any, might warrant. Therefore, some balance must be 
struck between these two extremes of absolute health protection versus 
maximum use of radiation regardless of hazard. 


THE HISTORIC ESTABLISHMENT OF BASIC RADIATION PROTECTION STANDARDS 


At the time we conducted our review there was no formal central- 
ized arrangement in the executive branch for the formulation of basic 
radiation protection guidance. Agencies with radiation protection re- 
sponsibilities were free to formulate whatever standards they might 
deem appropriate within the bounds of their statutory responsibili- 
ties. As a matter of practice, virtually all Federal agencies have in 
the past adopted the recommendations of the National Committee on 
Radiation Protection and Measurements (NCRP). 

The National Committee on Radiation Protection and Measure- 
ments is not a governmental body, although it has worked closely 
with the National Bureau of Standards over the years, has been 
chaired since its inception by a scientist employed by the National 
Bureau of Standards, and its recommendations have Pe published 
as National Bureau of Standards handbooks. The National Com- 
mittee on Radiation Protection and Measurements consists of emi- 
nent scientists from Federal and private agencies having an interest 
in radiation problems. The splat of the National Committee on 
Radiation Protection and Measurements vote as individuals on rec- 
ommendations arrived at through review and analysis of available 
research data. The National Committee on Radiation Protection and 
Measurements standards are merely the recommendations of a group 
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of private individuals, and as such have no legal effect. When the 
National Committee on Radiation Protection and Measurements was 
initially organized, its main concern was the protection of a small 
group of radiologists handling X-rays and radium. The work of 
the National Committee on Radiation Protection and Measurements 
over the years in the field of radiation protection has been of invalu- 
able assistance to those within and outside the Government concerned 
with the control and use of radiation. For many years it was vir- 
tually the only group in this country which made recommendations 
in the field. The high caliber of its work deserves public recognition. 


ORGANIZATIONAL PRINCIPLES 


The work of the National Committee on Radiation Protection and 
Measurements filled a gap in providing needed radiation protection 
guidance for the limited number of persons engaged in early radia- 
tion work, and in educating individuals and organizations regarding 
radiation hazards and their nature. However, conditions have 
changed from the days when only a few people and limited considera- 
tions were involved. Now. and for the foreseeable future, basic radia- 
tion protection standards involve health, economic, social, and ethical 
considerations of such importance that the person or persons making 
the decisions represented by that guidance should be publicly account- 
able. The question then arose as to where in Government that respon- 
sibility should be located. 

It might appear that such a responsibility could be vested in one of 
the agencies which has programs and interests related to, or dependent 
on, basic standards. Agencies with statutory responsibilities in this 
field include: 

(1) The Atomic Energy Commission is directed under the Atomic 
Energy Act of 1954 to promote the peaceful uses of atomic energy, 
to regulate the processing and utilization of source, byproduct, and 
special nuclear material to promote the common defense and security, 
and to protect the health and safety of the public. 

(2) The Department of Health, Education, and Welfare, under 
the Public Health Service Acts, provides guidance, education, train- 
ing, and other assistance to the States on matters relating to the pres- 
ervation and improvement of the public health. The Department, 
through the Public Health Service, also has special responsibilities 
with respect to water pollution. The Food and Drug Acts (admin- 
istered by the Food and Drug Administration) confer responsibility 
for evaluating the safety of foods, drugs, cosmetics, and therapeutic 
devices, and to take legal action when necessary to protect the public, 

(3) The Department of Defense, along with its principal constit- 
uent agencies, has general statutory responsible to regulate internal 
administration. Under this authority rules and regulations pertain- 
ing to radiation exposure are established. 

(4) The Department of Commerce has a broad charter under Na- 
tional Bureau of Standards organic legislation to investigate radia- 
tion, its uses, and means of protecting persons from its harmful effect; 
to cooperate with Government agencies and private organizations in 
the establishment of standard practices; and to advise Government 
agencies on scientific and technical problems. ae 
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(5) The Department of Labor establishes and enforces safety stand- 
ards under the Walsh-Healey Public Contracts Act, and the Fair 
Labor Standards Act. 

(6) The Department of Agriculture regulates meat and poultry 
under the Meat and Poultry Products Inspection Acts to assure their 
safety and wholesomeness. 

(7) The Bureau of Mines and the Geological Survey in the Depart- 
ment of the Interior are responsible for safety in mines on the public 
domain and Indian lands. 

(8) The transportation and postal agencies, such as the Coast 
Guard, the Interstate Commerce Commission, the Federal Aviation 
Agency, and the Post Office, have responsibilities regarding radio- 
active materials under their respective authorities to regulate trans- 
portation of dangerous or hazardous substances. 

Of the agencies which I have mentioned, the Atomic Energy Com- 
mission and the Department of Health, Education, and Welfare have 
by far the most extensive interest and competence with respect to the 
levels of radiation exposure related to ca radiation protection 
standards. 

Authority to establish basic standards for Federal agencies could 
possibly be vested in the Atomic Energy Commission. However, the 
Atomic Energy Commission does not have jurisdiction over all sources 
of radiation exposure, and the possibility exists that its responsibili- 
ties for the promotion of atomic energy might be regarded as conflict- 
ing with a duty to establish basic standards for the control of atomic 
energy. 

Similarty, the responsibility for basic standards could possibly be 
given to the Department of Health, Education, and Welfare. A 
number of proposals in that direction have been made. However, the 
effect of such proposals would be that not only the protection of the 
public health and safety, but the whole future of the use of radiation 
would depend on the decisions of officials whose mission and experi- 
ence is primarily related to public health. 

Similarly, restricted scope of responsibility, or other problems such 
as limited jurisdiction, mitigate against assigning responsibility for 
basic standards in any other single agency. 

Therefore, since the basic standards represent issues and decisions 
which by nature and scope transcend the responsibilities of any single 
agency, it was recommended that the President. provide general guid- 
anee to executive agencies for their use in developing aporens rules 
and regulations for radiological health protection. The President’s 
aaroral of that recommendation was made public by the White 

ouseon August 14, 1959. 

The recommendations approved by the President are in the form of 
guidance which heads of executive branch agencies are expected to use 
as a basis upon which to develop detailed standards tailored to meet 
their particular requirements. 

The establishment of basic radiation protection guidance by the 
President does not interfere with the statutory responsibilities of the 
various Federal agencies for promulgating specific operating rules 
and regulations. 
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PROVIDING ADVICE FOR THE PRESIDENT IN THE FORMULATION OF BASIC 
RADIATION STANDARDS 


It was recognized that. competent advice must be made available to 
assist the President in the formulation of basic radiation protection 
guidance. Such advice should include consideration of the two major 
aspects of radiation protection: protection against the health hazards 
associated with radiation, and the realization of the benefits to be de- 
rived from the use of radiation and atomic energy. The agency heads 
primarily responsible for these aspects are the Secretary of Health, 
Education, and Welfare, the Chairman of the Atomic Energy Com- 
mission, and the Secretary of Defense. In addition, the Secretary of 
Commerce is responsible for the National Bureau of Standards, which 
has a broad Government-wide mandate related to radiation protection. 

Therefore, the President, by Executive Order 10831, established the 
Federal Radiation Council composed of the heads of those agencies— 
the Department of Health, Education, and Welfare, the Atomic 
Energy Commission, the Department of Defense, and the Department 
of Commerce. Other agencies with radiation protection responsi- 
bilities could have been added, but, in order to maintain a small work- 
able group in terms of size, and in view of the dominant role in this 
field of the above-named agencies in terms of interest and effort ex- 
pended, it was determined initially to restrict the Council membership 
to four, bringing other agencies in for discussion of specific problems 
on an ad hoc basis as the circumstances might warrant. 

The recommendations of the Council for the President should also 
incorporate the best available scientific and technical advice. One of 
the responsibilities of the Council is to seek such technical and scien- 
tific aiviee from all competent Government and non-Government 
sources including, of course, the National Committee on Radiation 
Protection and Measurements, the National Academy of Sciences, and 
other recognized authorities. 

The Council also has available to it the advice of the President’s 
Special Assistant for Science and Technology, who, while not a 
member of the Council has participated actively in its deliberations. 

The President is also, of course, free to procure advice from any 
additional source. 

Under the Executive order the most significant function of the 
Council was to advise the President with respect to such basic guid- 
ance as he might wish to provide for the use of Federal agencies. 

Following the establishment of the Federal Radiation Council by 
Executive Order 10831, the Council was given statutory status under 
Public Law 86-373. The principal difference between the Executive 
order and the legislation was the addition of the Secretary of Labor to 
the Council. The essential purpose and function of the Council 
remained unchanged—that of providing the President with advice as 
to basic radiation protection standards or guidance which he might 
wish to provide for the use of Federal agencies. 

At the time of the establishment of the Council, basic radiation pro- 
tection standards were almost universally referred to in terms of 
“maximum permissible exposures.” In recognition of the inadequacy 
of that term, which it is claimed does not adequately convey the true 
intent of the standards, the language of the Executive order refers to 
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“general guidance” and “criteria.” This general language makes 
possible the provision of basic standards in terms other than “maxi- 
mum permissible exposures.” The recommendations approved by the 
President on May 13, 1960, included new designations for those 
standards. 

Though the principal function of the Council is to advise the Presi- 
dent, it also serves as a highly useful forum for the exchange of infor- 
mation, and the discussion of interagency differences and problems of 
interest to the member agencies, thus promoting the coordination of 
various agency efforts. 


PRESIDENTIAL ASSIGNMENT OF RESPONSIBILITY TO THE SECRETARY OF 
HEALTH, EDUCATION, AND WELFARE 


Another problem considered by the Department of Health, Educa- 
tion, and Welfare, the Atomic Energy Commission, and the Bureau 
of the Budget in their review of radiological health activities was 
that of providing information to the President and the public re- 
garding environmental radiation levels and hazards. 

Environmental radiation data are appropriately collected for a 
variety of purposes by a number of agencies, such as the Depart- 
ment of Health, Education, and Welfare, the Atomic Energy Com- 
mission, the Department of Defense, the Department of Agriculture, 
and the Weather Bureau. However, in order to assure that the 
President and the public might be adequately advised with respect 
to any public health hazard associated with environmental radiation 
levels, it was deemed advisable to establish a point of primary respon- 
sibility within the executive branch for the provision of such advice. 

The Department of Health, Education, and Welfare is a logical 

agency for this assignment because of its broad responsibilities re- 
garding environmental contamination in particular, and public health 
in general. Such a focal point was established when the President 
approved the recommendation that— 
the Department of Health, Education, and Welfare intensify its radiological 
health efforts and have primary responsibility within the executive branch for 
the collation, analysis, and interpretation of data on environmental radiation 
levels, such as natural background, radiography, medical and industrial uses of 
isotopes and X-rays, and fallout, so that the Secretary of Health, Education, 
and Welfare may advise the President and the general public. 
The President’s action with respect to that recommendation was an- 
nounced by the White House on August 22,1959. The President’s 
appointment of Secretary Flemming as Chairman of the Federal 
Radiation Council was also announced at that time. 


AGENCY RESPONSIBILITIES REGARDING THE TRANSFER OF CERTAIN ATOMIC 
ENERGY COMMISSION RESPONSIBILITIES TO THE STATES 


During the course of the joint review, some questions were raised 
as to the administration of then pending legislation to transfer cer- 
tain regulatory responsibilities to the States. 

Both the Department of Health, Education, and Welfare and the 
Atomic Energy Commission provide training or assistance related to 
radiation protection to State and local authorities. Last year the 
President, as announced by the White House on August 14, 1959, ap- 
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proved the recommendation establishing the principle that the Atomic 
“nergy Commission have the principal Federal responsibility for 
preparing the States for the transfer of certain of the Atomic Energy 
Commission’s regulatory responsibilities. The Atomic Energy Com- 
mission is to finance and plan such special training of State people 
as may be necessary in cooperation, of course, with the Department of 
Health, Education, and Welfare. The Department of Health, Edu- 
cation, and Welfare is the agency with primary responsibilitity for 
providing guidance and assistance to the States with respect to con- 
tamination by and biological effects from radiation sources not now 
under the control of the Atomic Energy Commission. At the con- 
clusion of the Atomic Energy Commission’s special training program, 
training of State personnel is to be conducted within the continuin 
programs of the Department of Health, Education, and Welfare, ane 
other Federal agencies. 


FUTURE ROLE OF THE PRESIDENT AND THE FEDERAL RADIATION COUNCIL 


The Council recently submitted its first report for the President, 
and the President approved the Council’s recommendations for the 
guidance of Federal agencies. The Council has already initiated ef- 
forts to formulate additional needed standards. Determinations as 
to the necessity of further Presidential action will depend on the 
nature of the Council’s recommendation. 


CONCLUSION 


The establishment of the Federal Radiation Council to advise the 
President in the matter of basic radiation protection guidance pro- 
vides an appropriate, orderly, and responsible means for resolving 
the conflicting requirements associated with the formulation and 
promulgation of such guidance. 

The first report of the Council, and the action of the President, 
is a significant step in the development of radiation protection, and 
as such it constitutes a new approach to the whole problem. Much 
yet remains to be done, and the nature and extent of Presidential ac- 
tion and Council activity in the future cannot. as yet be clearly fore- 
seen. It is, therefore, necessary to preserve flexibility in arrange- 
ments and concepts associated with the formulation of radiation pro- 
tection guidance. 

I have appreciated this opportunity of discussing existing arrange- 
ments and concepts with the Joint Committee. 

Representative Hoxrrretp. Thank you very much, Mr. Staats, for 
your statement. Mr. Hosmer. 

Representative Hosmer. I have no questions. 

Representative Horirreip. Are there any questions by members of 
the committee? If not, on page 6 of your statement, in speaking of 
the radiation protection dasidentn and guidance being unlike ordinary 


measurement standards, you say that it is widely recognized that 
their formulation is not solely a matter of scientific determination. 
Of course, we have put the responsibility in the heads of several 
different major departments: the Departments of Commerce, Defense 
Chairman of the Atomic Energy Commission, and the Secretary of 
Health, Education, and Welfare. We know that these men have 
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heavy responsibilities. We know also their power to appoint des- 
ignees to do this work. 

~ What has been done in the way of attendance by these major heads 
of agencies or departments and what has been done in the way of 
substituting designees ? 

Mr. Sraats. Did you say in the way of attendance, Mr. Chair- 
man ? 

Representative Horirrmeip. Yes. Have there been regular meetings 
which the top people have attended, or have they been periodic and 
sporadic meetings? What is your formula? 

Mr. Sraats. I believe that Secretary Flemming is prepared to give 
you the specific statistics on numbers of meetings and frequency, and 
soon. I have not participated personally in all of the meetings, but 
I believe I have attended on all except two occasions when I had to be 
engaged elsewhere, because we were interested in knowing how the 
Council was going to develop since we had taken the lead in organiz- 
ing it. 

Based on my general observation, without having the statistics 
available to me, my impression would be that the principals did at- 
tend quite regularly. I believe Secretary Flemming was present at all 
meetings. The level of attendance when the principals could not be 
there was maintained pretty well at the Under Secretary level. 

Representative Hotirretp. At the Under Secretary level ? 

Mr. Sraats. Yes. This is in addition to others who attended from 
the scientific side and the technical people. 

Representative Horirrerp. Have there been specific people desig- 
ened in each one of the departments to take the responsibility of 
the head of the department ? 

Mr. Sraats. That is correct. 

Representative Houirrevp. It is not changed around? I mean one 
individual is given responsibility so there is a continuity of back- 
ground of knowledge of what goes on ? 

Mr. Sraats. That is correct. 

tepresentative Horrrrevp. The law as we changed it, as you know, 
added the Secretary of Labor, and gives the President authority, if he 
deems it appropriate, to appoint representatives of the public or State 
and local agencies. Up to this time have there been any pubntic mem- 
bers appointed outside of the named statutory members? 

Mr. Sraats. No, there have not. All of the members up to this 
point have been Government personnel. 

Representative Horirieip. Approximately how many meetings are 
held in a month, or annually ? 

Mr. Sraats. I am advised, Mr. Chairman, that Secretary Flem- 
ming’s statement contains that information. 

Representative Hontrrecp. Do you believe that the appointment of 
public members might be in order in view of what you say in your 
statement that it is widely recognized that the formulation of this 
matter is not solely a matter of scientific determination? Of course, 
we realize that the heads of these departments are not scientists, per 
se. Do you feel it might be better to bring in some peogte who are 
representatives of public groups or State organizations and municipal 
organizations ? 
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Mr. Staats. I would like to answer that in this way—— 

Representative Horirrerp. In other words, where the scope of the 
representation would be considered nationwide. 

Mr. Sraars. I would like to answer that in this way. It seems 
to me that it is desirable, as you pointed out, and the law does provide, 
to have this kind of flexibility in order that they may be called on at 
some future time. I believe our thinking, on the other hand, up to 
this point has been that public participation is better at the agency 
level so that the agencies which have a particular interest, like the De- 
partment of Defense, the Atomic Energy Commission, the Department 
of Health, Education, and Welfare, could bring them in to advise on 
their particular problems. 

Representative Hotrrretp. You mean with their respective advisory 
committees in each department. 

Mr. Sraats. Yes. Rather than bringing them into a governmental 
body as such, which is called on to provide the kind of judgments that 
are outlined here to the President for his consideration. 

Representative Hortrretp. This method might suffice in different 
areas, but still it would not provide a member of the Board who would 
have access to the overall national problem which is the main reason 
for setting up this statutory committee. 

Mr. Staats. I don’t want to be too conclusive on this point, but I say 
we feel that it is desirable to have that flexibility. Up to this point we 
have not really felt that it was necessary to exercise that authority. 

Representative Horrrretp. Of course, we know it is fairly new and 
has not been going very long. 

Mr. Staats. Yes, sir. 

Representative Hortrretp. On August 14, the President announced 
certain assignments of responsibility. None of these affected the AEC, 
as I read this, or did not take anything away from them, rather. On 
August 22 there was a definite assignment which had the effect of 
transferring certain responsibilities to the Secretary of Health, Educa- 
tion, and Welfare. What was the reason for the difference in timing 
of those two events? 

Mr. Sraats. What was the significance? 

Representative Horirtetp. Yes. 

Mr. Sraats. Mr. Chairman, I will be very frank with you in re- 
sponse to that question. That assignment was in the first order and 
through an oversight after it reached the White House it inadvertently 
was left out. It was the last paragraph. It was felt that it should go 
out and the most convenient time to do it was at the time of the an- 
nouncement of the designation of the Chairman. 

Representative Horirretp. I assume that the AEC was in harmony 
with the August 22 announcement? 

Mr. Sraars. Yes. They had cleared the initial announcement. 
Purely by an inadvertence it was omitted from the first announcement. 

Representative Horirretp. To what extent do you allow the cost 
of handling this program to control the degree of regulation, the 
deeree of research and so forth, that is necessary to set up these stand- 
ards?) The Bureau of the Budget is considering costs all the time, 
as we all very well know. 

Mr. Sraats. Yes. 
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Representative Hortrretp. What priority do you give costs in re- 
gard to this matter ? 

Mr. Sraars. This is a very difficult one for us to judge. We hope 
that the development of these standards by the Council will give us 
a good deal of help in terms of making the kind of judgments we 
are called on to make in passing on funds. To give you an example 
of the difficulty here, in the President’s budget recommendations for 
1961 we increased rather considerably the amount of money for en- 
vironmental health programs in the Department of Health, Educa- 
tion, and Welfare. I have the specifics on that, and I would like to 
give you our estimate as to what we did actually include. 

Let me start with 1959. I think this might give you a better pic- 
ture. In the Food and Drug Administration, as nearly as we can 
isolate the part of the budget which was involved in radiation mat- 
ters, there was $100,000 in the 1959 budget. In 1960 this was in- 
creased to $700,000. In the budget proposals for 1961, it was $1 
million. 

In the Public Health Service, in the Bureau of State Services, the 
1959 figure is $600,000. In 1960 the figure is $2,800,000. In 1961, the 
figure is $6,600,000. 

In the Institutes of Health, 1959, $3,300,000; 1960, $5,800,000, and 
the same figure in 1961. 

The totals here have increased from $4 million in 1959 to $13,- 
400,000 in 1961. 

The point I am making is simply this: It is a very difficult judg- 
ment to make as to how fast you can build up your scientific person- 
nel and work in this field. Our hope is that we can get some help 
by virtue of having the Council mechanism set up and we hope to 
follow its activities very closely. 

Representative Hoxtriexp. It was the general feeling of the mem- 
bers of this committee, I think, that we heartily approve the Presi- 
dent’s Executive order. We felt, however, that this matter was so 
important that we should give it the dignity of a statutory body. 
I think you have known of our interest from the standpoint of re- 
search and development in the biology field. In this last authoriza- 
tion bill we did raise the amount from $4 million to $5 million. I 
understand that the extra million that we put in has not been allowed 
by the House Appropriations Committee in its action of yesterday. 

Mr. Sraats. I had not been advised of that. 

Representative Hortrretp. I just wondered if this were disallowed 
asa result of testimony by the Budget Bureau. 

Mr. Sraats. No, sir; the answer to that is “No.” 

_ Representative Honrrrme.p. We trust that you will favor it and when 
it gets over to my colleagues in the Senate that it can be restored. We 
feel that this is a field that ought to be looked at carefully all the time, 
within the bounds of competent people, of course. 

ere Price. Have you already testified on the Senate 
side ? 

Mr. Staats. We do not ordinarily testify on these individual appro- 
priation items. 

Representative Price. Has your opinion been rendered ? 
Mr. Sraats. Has the Atomic Energy Commission testified ? 
Representative Price. Yes. 
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Mr. Sraats. I believe the Atomic Energy Commission has com- 
pleted its testimony on the Senate side. 

Mr. Ramey. It comes up tomorrow. 

Mr. Sraats. I had the impression that it was already completed. 

Representative Price. Would this item of a million dollars increase 
come to the attention of the Bureau of the Budget for an opinion ? 

Mr. Sraats. If I am not mistaken, this item was in the President’s 
budget. 

Representative Price. The $1 million increase was not. It was $4 
million and the committee increased it $1 million. The House com- 
mittee did not approve it. 

Mr. Sraats. The full committee did not approve it? 

Representative Hoxrrmup. That is right. It was disallowed on 
the ground that the increase was not a budgeted item. 

Mr. Sraats. I am not familiar with the action. 

Representative Ho.trretp, In the meantime, has the matter come to 
the attention of the Bureau of the Budget? In other words, if they 
are queried by the Senate committee, they might give it a favorable 
recommendation ¢ 

Mr. Sraats. Our advice was not sought on the action. Whether it 
would be sought over on the Senate side, I do not know. If they do 
seek our advice, we would be very happy to respond to their request. 

Representative Hotirrecp. Mr. Ramey. 

Mr. Ramey. Yesterday we had quite a bit of discussion on defini- 
tions of what a standard is and what criteria are. We also got to 
talking about guides. I notice in your statement on page 12 you say 
that the establishment of basic radiation protection guidance by the 
President does not interfere with the statutory responsibilities of the 
various Federal agencies for promulgating specific operating rules and 
regulations. 

I think it is item No. 7 of the guidance issued by the Federal Radia- 
tion Council that gives a little more of an indication that what it is do- 
ing might be not just a guide. We havea little trouble with the word 
“guide” or “guidance” because in normal discussion, as we talked to 
the people yesterday, they seemed to think of guides as being nonbind- 
ing, rather flexible rules that you don’t have to comply with. On the 
other hand, you have the President issuing these, and No. 7 says that 
the Federal agencies apply these radiation protection guides with 
judgment and discretion to assure that reasonable probability 1s 
achieved in the attainment of the desired goal of protecting man from 
the undesirable effects of radiation. The guides may be exceeded only 
after the Federal agency having jurisdiction over the matter “has 
carefully considered the reason for doing so in the light of the recom- 
mendations in this paper.” 

This sounds like—that any Federal agency before it could go higher 
than the numbers that are put out in these guides would have to 
make a finding, and you would think they would probably want to 
talk to the Chairman of the FRC. Isn’t this rather mandatory when it 
ends up, that these are not exactly guides? 

Mr. Staats. There is, of course, an element here of a directive in 
the sense that this is an administrative directive. It does not have a 
legal binding effect. I think that is what we were trying to say in our 
prepared statement. It is a directive in the sense of an administrative 
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directive from the President and from the executive heads of the 
Government to the people who are promulgating those operational 
standards. This does not have a legal effect. 

We are saying at the same time, I believe, that there is nothing 
which has been taken here by the Executive order which changes 
any of the statutory responsibilities of any of the agencies who are 
concerned with this problem. 

Mr. Ramey. Have these been put into the Federal Register ? 

Mr. Sraats. Yes; they are in the Register. I would like to call your 
attention to the fact, though, that the purpose of putting it in the 
Federal Register was to provide for the widest dissemination in the 
official circles of these standards. It is, however, in the part of the 
record which is “notices” rather than “rules and regulations.” I think 
this perhaps has been overlooked. The purpose of having it in the 
order is not to imply that it has the force of law or rules and regula- 
tions in the same sense that the regulations of Interstate Commerce 
Commission would have, but rather as a notice in the Register. The 
Register is used for both purposes, as you undoubtedly know. 

Mr. Ramey. If some agency issued a regulation that was not in 
accordance with the directive or provided a level of radiation higher 
than in the guide, and they had not made a finding showing that it 
had reasons for doing this, would its regulation become legally valid ? 
I think that is one of the questions that is bound to arise. 

Mr. Sraats. I would think that if it had been issued by the proper 
issuing authority in the agency the answer would be “Yes”; it would be 
legally binding. But it would be like any other situation where the 
statutory authority is in the agency head or a subordinate, and actions 
were taken contrary to instructions of the agency head by a subordi- 
nate. It would be in the same category, as I see it. 

Mr. Ramey. There is one other question. What is the relationshi 
between the Bureau of the Budget and the Federal Radiation Council 
now ¢ 

Mr. Staats. As I have indicated, under our general responsibilit 
and at the President’s request, we did take the lead in working with 
the agencies in formulating the recommendation to establish the 
Council. Our role at this point is purely one of following the work 
of the Council closely, and to get any advice it may have with respect 
to budget matters, as the chairman has indicated, which would have an 
effect on the amount of money included in the budget. But we are 
not a member of the Council. Our work with the Council has been 
quite informal since its establishment. 

Representative Hoxtrretp. Does the Council have a permanent Sec- 
retary ? 

Mr. Sraats. Yes. 

Representative Hotirreip. What is the nature of your orsanization ¢ 

Mr. Sraarts. I believe the official title is Secretary of the Federal 
Radiation Council. That is Dr. Chadwick. He is here today and 
will be before your committee. 

Representative Horirterp. Is that a one-man organization at this 
time? Would you describe its functions? 

Mr. Sraats. Yes. I believe that isa one-man organization. I think 
I should emphasize this. The initial arrangement contemplated that 
any staff needed by the Council would to the maximum degree be 
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drawn from the affected agencies. This is not only to save money, but 
also to bring in the people who are most experienced and have the 
greatest amount of background in this field in the development of 
this first set of basic standards. The staff work was done in the 
agencies by what was called a temporary staff, I believe, and by a 
working committee of the Council. The staff paper was put together, 
in draft form, staffed around the agencies, discussed around the table, 
and worked on jointly in several meetings of the Radiation Council 
itself. Finally it was taken to the Cabinet. The President approved 
it in a discussion with his Cabinet. 

Representative Horirretp. Does Dr. Chadwick have a permanent 
office in the Health, Education, and Welfare Department and an 
assignment of duty, or is he in the Bureau of the Budget ? 

Mr. Sraats. In order to provide a central office for the Council, 
and to put him in ground which is neutral territory, so to speak, we 
provided an office in the Executive Office Building so that he could 
work from that. I believe he is on assignment from the Oflice of the 
Surgeon General of the Public Health Service. 

Representative Hoxirretp. He serves under the direction of Secre- 
tary Flemming? 

Mr. Sraars. That is right. 

Representative Horirmxp. He serves as a coordinator, sets up the 
meetings, sets up the agenda, and that sort of thing? 

Mr. Staats. That is right. 

Representative Hosmer. Mr. Chairman, when Mr. Ramey was pur- 
suing the line of inquiry regarding the effect of the standards as to 
other Government agencies, the thought occurred in my mind as to 
the effect of these on the general public. If somebody in private in- 
dustry does not conform to these standards by reason possibly of their 
own independent judgment that they may be too conservative and 
something happens, then are these standards that you publish matters 
that would be evidence in court on a question of either negligence or 
willful misconduct on the part of this private operator ? 

Mr. Sraats. I think the question that both you and Mr. Ramey 
have raised is a very good question and very legitimate in terms of 
what is the practical effect. The practical effect is that he would still 
have to be taking his action within the framework of any law which 
was on the books which governed that agency. This is the point I 
wanted to emphasize. 

Representative Hosmer. I am not talking about another agency. 
I am talking about a private enterprise organization that does not 
follow these Federal Radiation Council guides, standards, or what- 
ever we call them, and as a consequence is it negligent if it does not ? 

Mr. Sraats. I am sorry, I missed your point. Of course, he would 
presumably be subject to the regulations which have the force of law 
of the Atomic Energy Commission or the Public Health Service. 

Representative Hosmer. The Atomic Energy Commission does not 
necessarily incorporate these Radiation Council guides in its licensing 
conditions, and so forth. 

Mr. Sraars. I believe it will. 

Representative Hosmer. Does it at the present time? 
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Mr. Sraats. These are quite recent. I think they would have to 
testify on the point of how far they have gone since these have been 
issued. 

Representative Hosmer. They do in fact become a matter of regu- 
lation for the general public? 

Mr. Sraats. Yes, as operational standards and as issued by the 
agencies who have the responsibility. This I think is the confusing 
point here. 

Representative Hosmer. As such, then, the public has a direct in- 
terest in what you publish. 

Mr. Sraats. Exactly. 

Representative Hosmer. Even though you say that it is only ad- 
visory. I don’t quite understand that. 

Mr. Sraats. I think the confusing point here is that the Council 
itself is advisory to the President. The President can issue these 
standards. These standards are overall standards. They must be 
translated by each agency which has a statutory responsibility and 
can issue regulations with the force of law. This, I think, is the 
important point. 

Representative Hoswer. Then in effect, the President does in fact 
rely on this Council. He has no other real prime source of advice, 
except possibly a dissenter within the Council. In practice he will do 
what the Council recommends, will he not ? 

Mr. Sraars. I think that would ordinarily be correct. I think 
we should keep in mind here that the conclusion we came to is that 
obviously you could not have many sets of standards. 

Representative Hosmer. You could not have what? 

Mr. Sraats. You could not have a series of standards in operation 
with HEW following one, AEC another one, DOD another one. 
There has to be some way of getting a common set of standards. The 
question is how do you do it? Do you put that in one agency or do 
you try to bring them together in some coordinated way, and this 
is the conclusion that we came to. 

Representative Hosmer. I think we made that point yesterday, 
that there has to be something covering this field at some particular 
time. What I was leading up to in this background is the fact that 
in your testimony you said that the Council necessarily had to be 
limited in size to be workable. Then in response to a question by 
Mr. Holifield, vou said that it would be contemplated to bring in 
people from industry or outside the Government at some future time 
in connection with its deliberations and in the establishment of these 
criteria. Then we have the problem of people who come in an ad- 
visory capacity with no real legal responsibility to the public at large, 
in a political sense, and taking part in the establishment of these 
guides. I don’t know whether that is good political science or not. 

Mr. Sraats. I think I would like to make this statement. This ad- 
visory council is made up of the Cabinet officers who are, I believe, 
politicaliy responsible in the sense that you are using it, and they are 
the ones advising the President. 

Representative Hosmer. | understand that. But didn’t you say 
that it was within your contemplation that outside people would be 
brought in? 
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‘Mr. Sraarts. I think you misunderstood. I said that the law was 
broad enough to permit that. We had no objection to that flexibility. 

Representative Hosmer. I understand that. 

Mr. Sraats. As of the present time, we do not think that it is neces- 
sary. 

Representative Hosmer. But you did make some reference to using 
some help from the outside. What was that reference ? 

Mr. Sraats. I said if this kind of help were needed, it should be 
brought in by the AEC and Public Health Service and the other 
responsible agencies. This is our present view as to the way it should 
be done if it 1s necessary. 

Representative Hosmer. If it is necessary to do it, is it good political 
science to have somebody who is not within the governmental frame- 
work and not responsible, in the political sense, to the public taking 
part in the establishment of regulations by which the public lives? 

Mr. Sraats. Of course, this is done very widely all through the 
Government, as you know. Agencies have many, many advisory com- 
mittees made up of public people to advise them on the work that 
they are responsible for carrying out. The decision still has to be 
made by the responsible public official. There is no escape from that. 

Representative Hosmer. In other words, these four that you have 
now would be the Council and the outsiders would be advisers to the 
Council. 

Mr. Sraats. I don’t see the outsiders participating in the Council, 
personally, at all. 

Representative Hosmer. They would be in the nature of advisers. 

Mr. Sraats. To the agencies. 

Representative Hosmer. Expert witnesses. 

Mr. Sraats. To the agencies who make up the Council. 

Representative Hosmer. Thank you. 

Representative Hoxirtetp. The resultant regulation that might 
come up from the AEC to the Council—the regulation which had been 
arrived at by broader consultation with industry or some other out- 
side organization other than Government—would be submitted to the 
Council, I suppose, for coordination ? 

Mr. Staats. That would be correct. 

Representative Horirtetp. At that point if the regulation was not 
approved, what would happen? Would the agency then be directed 
by the Radiation Council to reconsider it, revise it, or abolish it? 

Mr. Sraars. The purpose of bringing it there would be twofold: 
to keep the other agencies informed as to what they are about to do, 
so that if there is any effect on other agencies’ actions, that could be 
known in advance. If there were differences of opinion among the 
agencies with respect to the standards being employed, that could be 
discussed and an effort made to reach agreement. Failing agreement, 
then the Council would provide a mechanism whereby the two Presi- 
dential appointees could seek the determination from the President 
himself. If an agency had felt that an action about to be taken 
violated the law, then, of course, the law would have to govern. 

Representative Hoxtrrerp. Following up on this possibility, we 
have had some situations arise in different ways, such as the dumping 
of radioactive waste into streams, conditions which might become 
hazardous in mining or in handling of the ore, and that sort of thing. 
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Because of the conclusion in the Council’s report of May 13, under 
atmospheric contamination in uranium mines, paragraph 6.20, we did 
discuss the problem of excessive contamination in the atmosphere of 
mines and excessive radiation. Under this setup who would be re- 
sponsible for the control of this? We have a peculiar situation here. 
We have federally owned material, privately owned mines, in most 
instances under State law and regulations for safety and so forth. 
How do we reach a bad situation in X mine for uranium? 

Mr. Sraats. I don’t believe at the present time that we have any 
Federal control or any statutory authority to control the situation in 
the mines themselves. With respect to contamination that might arise 
in streams of water, growing out of a mining operation, I believe I 
am correct in saying that the Public Health Service would have suffi- 
cient legal authority to take action in a situation of that kind. 

Representative Horirretp. I doubt if that is exactly correct in the 
way I understand your meaning. The Department of Health, Edu- 
cation, and Welfare would have to work through the separate States 
involved on water pollution would they not? 

Mr. Sraars. I am afraid I am ahead of myself. I am thinking of 
the bill which has just been submitted to the Congress. You are quite 
right in that as of the present time, this would be done with the States. 

Representative Horrrretp. On the other hand, on waste disposal, the 
AEC does have statutory responsibility which is overriding. They 
certainly could move in on a case of water pollution by uranium be- 
cause of the general law making them responsible for the national 
health and safety in the uranium field. However, in the individual 
mines, getting away from the water contamination of an interstate 
stream, getting back to an intrastate mine situation, I was trying to 
pinpoint the responsibility there. I doubt if it goes beyond the State 
level from the standpoint of regulation. However, the AEC, being 
the sole purchaser of the product, might through its regulations use 
its purchasing power or its licensing power as an affirmative way of 
controlling a situation that might be hazardous to the miners working 
inthe mine. Is that not true? 

Mr. Sraats. I would prefer, if it is agreeable, to have that question 
directed to the Atomic Energy Commission. I do not think I really 
can answer that question in a proper way. 

Representative Hoxtrrevp. I think it has to be considered in connec- 
tion with the Federal Radiation Council ultimately, because if the 
Radiation Council sits as a higher body than any of the agencies within 
- coordination, sooner or later this problem might face the Radiation 

‘ouncil. 

Mr. Sraarts. I think that is quite right. I think the Department of 
Labor would have an interest, as one of the agencies, and have some 
authority in this field under the Walsh-Healey Act, and the labor 
contracts legislation. I think it is quite correct that this would be 
something which the Council might well be concerned with. 

Representative Hortrretp. This is not an idle line of inquiry. 

Mr. Sraats. No; I appreciate that. 

Representative Horrrretp. As you know, we have problems in this 
field. I wouldn’t think that the problem would be so difficult in uranium 


on which are on Federal lands and operated under leases with the 
C. 
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Mr. Sraats. That is right. 

Representative Hottrirecp. That could be taken care of directly. 

Mr. Sraats. You are thinking of private land wholly within a par- 
ticular State. 

Representative Honrrtetp. Yes. 

Senator Hickentoorer. Mr. Staats, I am not quite clear on your 
answers to the questions a moment ago about the regulations of the 
Council. I would like to ask one or two questions to clear the matter 
up. 
;— the Council have any authority to issue regulations? 

Mr. Sraats. Not the Council itself. They are really issued by the 
President. The Council could not take action on its own with any 
force of directive. I think this has to be very clear. 

Senator Hickenwooprr. If the Council makes a finding or a recom- 
mendation, or whatever action the Council takes and whatever you 
want to call it, and no other governmental official, such as the Presi- 
dent or someone else, issues a regulation or an order based upon that— 
that is, if no action is taken by any other governmental agency or 
official on any recommendation of the Council, does that regulation of 
the Council or action of the Council have any force or effect ? 

Mr. Sraats. Only such force and effect as people who participate 
in the Council want to agree on. 

Senator Hicken Looper. I am asking about the official effect. May- 
be I could make it a little more clear. The Council meets. It arrives at 
certain conclusions so far as the Council itself is concerned as an 
entity. It recommends that certain actions be taken. Nothing is 
done by any agency. Nothing is done by any Federal official pursuant 
to that action of the Council. It just stands there as a recommendation 
of the Council. Does that have any legal force or effect ? 

Mr. Sraats. No, sir. 

Senator HickENLoorrer. Let me go a step further. Before a recom- 
mendation of the Council or an action of the Council has any legal 
force or effect, it must be implemented by a proper governmental 
agency or a proper official, either the President or the Chairman of the 
Atomic Energy Commission, or some other group ? 

Mr. Sraars. That is exactly correct, and you stated it better than 
I previously stated it. What I was going to interrupt a minute ago 
to say was this: You have to keep in mind that the Council is made 
up of people who do have statutory responsibilities of one type or 
another in this field. 

Senator Hickentoorer. I understand that. 

Mr. Sraats. They are advisory to the President just as the National 
Security Council is advisory to the President. It is chaired by a 
Presidential designee from among the members, in this case the Secre- 
tary of Health, Education, and Welfare. I think what would happen 
in the event that there was agreement among the majority 

Senator HickeNLoorer. Let us say they all agree. 

Mr. Sraats. If they all agree, then they all go back home and imple- 
ment the agreement. : 

Senator HickeN.Loorer. We agree that if one of them goes back and 
implements it in his department under his responsibility as head of the 
department, that is.a different thing. All Iam trying to do is to just 
define clearly whether this Council has any right to come to any con- 
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clusions on its own which, without implementation by any other offi- 
cial in the Government or any other Government agency, has the force 
and effect of law. 

Mr. Sraats. The answer is “No.” 

Senator Hicken oorrer. That is all. I thought that is the way it 
was, but [ wanted toclear it up. 

Representative Houtrretp. I might say that the purpose of the com- 
mittee in setting up the Council was for the very purpose of making 
the Council statutory, and we expect it to coordinate these ditferent 
agencies because we realized that they had different problems and dif- 
ferent areas of jurisdiction. As a matter of fact, they have different 
legal authorities, not only different in context, but different in degree 
of authority for the enforcement of laws. We plainly said in section 
7 on page 9 of our report: 

The bill recognizes that this is interim legislation. The committee believes 
that the use of atomic energy will be so widespread in future years that States 
should continue to prepare themselves for increased responsibilities. 

That was along the line of protection of the public, looking for- 
ward eventually to the States doing most of the policing in the health 
field as they do now in other fields. 

Mr. Staats. I believe that was the purpose of the legislation and the 
program of AEC to train the States to more adequately take over this 
responsibility. 

Senator HickeNn.Looprr. The only purpose of my question was that 
inasmuch as it is a Council established by statute, it has the standing 
of a statutory council. That is the only reason why I was wondering 
whether it had any independent authority to arrive at conclusions or 
recommendations independently on its own, which would have the 
force and effect of law. 

Representative Hottrretp. Your particular line of questioning was 
very pertinent. My additional remarks were not critical in any way. 
My next question was going to be whether you had enough experi- 
ence yet as a body established on what we called interim legislation or 
given additional statutory standing over and above an Executive or- 
der, to think of the evolution of the Council and possibly placing in 
the Council some additional authority, or whether your thinking at 
this time is that in each case the authority must rest in the jurisdic- 
tional administrative agency. 

Mr. Sraats. Yes; we have given a great deal of thought to this. 
Anything I say regarding this ought to be underscored by the fact 
that this is very new yet. We came to this fundamental conclusion: 
Basic standards in this field affect the whole population, and the pub- 
lic should have the confidence of knowing they have had the careful 
consideration at the very highest levels of government. That means 
the President’s Cabinet officers and the President himself. This is the 
reason that we came to the conclusion that the basic standards in this 
field ought not to be issued by anybody short of the President of the 
United States. 

The statutory authorities of the agencies to translate these basic 
standards into terms, as you very well point out, which have effect in 
their particular regulatory field, is one with which I think we need 
a great deal more experience. It may well be that changes in legisla- 
tion in that respect will be required. But as far as the setting forth 





106 RADIATION PROTECTION 


of the basic standards are concerned, we feel that the public should 
have the knowledge that these have been considered at the very high- 
est levels of government. 

Senator Arken. May I ask Mr. Staats, what prompted the decision 
to omit the Department of Agriculture from membership in the Fed- 
eral Radiation Council. It seems to me that is one of the most con- 
cerned of all. 

Mr. Sraats. We talked this over at great length with the Depart- 
ment of Agriculture, as well as some of the other agencies who had ex- 
pressed interest in the work of the Council. I listed here in my state- 
ment, I think, some 12 agencies that have some direct statutory inter- 
est in the work of the Council. Our view was that on a day-to-day 
basis, the smaller you could keep the membership, like any committee, 
the more effective it would be, not with any thought of excluding any 
agency like Agriculture, but rather with the thought of keeping it to 
those that had more of a day-to-day concern with the problem. Agri- 
culture was brought into the work of the Council, I believe, two or 
chree times during its work up to this point. 

Senator ArKEN. Subordinated, though. 

Mr. Sraats. Not subordinated, because when they come to the Coun- 
zi] meeting, they have the same status. 

Senator Arken. The Department of Agriculture is permitted to 
work for the Council but not to participate in its decisions? 

Mr. Staats. No; that is not correct. They can participate on any 
matter in which they are interested. All they have to do is invite them- 
selves. 

Senator ArkeEN. Who represents Agriculture, then? Is it the Secre- 
tary of Health, Education, and Welfare? 

Mr. Sraats. The Secretary of Agriculture. 

Senator Arken. Who would represent Agriculture in its delibera- 
tions ? 

Mr. Sraats. It would be the Secretary of Agriculture or the Under 
Secretary. 

Senator Arken. But he is not a member? 

Mr. Staats. Mr. Peterson, the Assistant Secretary, has participated 
in the work of the Council. 

Senator Arsen. He has participated in the work but not the 
decisions ? 

Mr. Sraats. Yes. 

Senator Arken. How come? He is not a member, 

Mr. Staats. The Council does not make the decisions. Secretary 
Benson was at the Cabinet meeting when these were discussed with the 
President. Secretary Peterson participated in the development of 
these. Thisis purely a matter of ao long a list you want to set out. 

Senator Arcen. Am I right in assuming that the President set the 
Council up with members from the Department of Health, Education, 
and Welfare, Atomic Energy Commission, the Department of Defense, 
and the Department of Commerce? 'Then when the Congress enacted 
legislation, it included Labor. But neither the executive branch nor 
the Congress has included Agriculture, which gets a black eye every 
time anybody has a bad dream, 

Mr. Staats. There was certainly no intent of that type. 
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Senator ArkEN. It has no official right to participate in this Council. 
Mr. Staats. To give you another example, the Bureau of Mines and 
the Geological Survey have a great deal of interest on this, but we 
did not put the Secretary of the Interior on it. We felt that he could 
be brought in whenever he has a problem or a matter of concern to 
him. Similarly, this would be true with the Interstate Commerce 
Commission, the Federal Aviation Agency, the Treasury, because of 
the Coast Guard’s interest in the problem, and soon. It is a little like 
the National Security Council, Senator Aiken. There are a number 
of members of the National Security Council who are not designated 
by statute to be members of the Council. This is just one of the 
anomalies of the way these things develop. There was certainly no 
attempt to derogate from the importance of any of the agencies who 
are not members by statute or Executive order. 

Representative Hottrietp. If there are no further questions, we will 
excuse you, sir. Thank you very much for your presentation. 

Mr. Sraats. Thank you, Mr. Chairman. 

Representative Hotrrieep. Our next witness is the Honorable 
Arthur S. Flemming, Chairman of the Federal Radiation Council. 
The Chair has been informed that Mr. Flemming has been detained 
at the White House on urgent business, and Dr. Chadwick, Dr. 
Powell, and Dr. Astin, I believe, are here, and if so they may come 
forward. 

Dr. Chadwick, I am advised that you will present at this time the 
statement of Dr. Flemming. 


STATEMENT OF HON. ARTHUR S. FLEMMING, CHAIRMAN, FED- 
ERAL RADIATION COUNCIL, PRESENTED BY DR. DONALD R. 
CHADWICK,’ SECRETARY; ACCOMPANIED BY DR. ALLEN ASTIN, 
DIRECTOR, NATIONAL BUREAU OF STANDARDS, AND DR. CLIN- 
TON POWELL, NATIONAL INSTITUTES OF HEALTH, DEPART- 
MENT OF HEALTH, EDUCATION, AND WELFARE 


Dr. Cuapwick. Yes, sir; that is correct. 

Representative Horirtenp. Will you identify yourself to the re- 
porter, and your two companions, and their positions. 

Dr. Cuapwick. I am Dr. Donald R, Chadwick, Secretary of the 
Federal Radiation Council. To my right is Dr. Allen Astin, Director 
of the National Bureau of Standards, and also Chairman of the work- 
ing group of the Federal Radiation Council. To my left is Dr. 
Clinton Powell, from the National Institutes of Health, who was : 
member of the first temporary staff of the Federal Radiation Council. 


1 Born: Boston, Mass., Aug. 16, 1925; married, 1949; children, two. 
Professional: Undergraduate school, Harvard College, 1943-45; graduate school, Har- 
vard Medical School, 1945-49 ; internship, Lankenau Hospital, Philadelphia, Pa., 1949-50; 
public health residency, ed Hill, N.C., 1950-51; local health officer, North Carolina, 
1951-53; enter Public Health Service, 1953; medical officer in charge, special health dis- 
trict, Savannah River area, South Carolina, 1953; appointed to Regular Corps. Public 
Health Service, 1954 ; special training in fadiolorieal health, Reed College, Portland, Oreg., 
Sandia Base, Albuquerque, N. Mex., and Oak R dge National Laboratory, 1954—55 ; occu- 
pational health field headquarters, Cincinnati, Ohio, 1955-56; chief, program services, 
radiological health medical program, division of special health services, 1956—57 : liaison 
officer for radiation, Office of the Surgeon General, 1957-58 ; Fey HE! Division of 
Radiological Health, March—June 1958; Chief, a? Operations Branch, Division of 
Radiological Health, July 1, 1958, to September 1959; Secretary, Federal Radiation Coun- 
ell, from September 1959. 


58454—60——_S 
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Representative Horirretp. Dr. Chadwick, before you start your 
presentation, will you give the committee a little understanding as 
to how you are operating, how large your staff is, or will you do that 
in your statement ? 

Dr. Cuapwick. I believe you will find most of those questions are 
answered in our prepared statement. 

Representative Horirretp. Proceed with your statement. 

Dr. Cuapwick. Secretary Flemming has asked me to express his 
regrets that he has been unable to be here. He would like to ask 
the committee for an opportunity to appear at a later time during 
the course of these hearings, and answer questions that the commit- 
tee would like to ask of the Federal Radiation Council. 

Representative Howtrrecp. If we find it necessary, we will com- 
municate with you and arrange a date. 

Dr. Cuapwick. Mr. Chairman, and members of the committee, on 
April 3, 1959, it was announced that the President had asked the See- 
retary of Health, Education, and Welfare; the Chairman of the 
Atomic Energy Commission; and the Director of the Bureau of the 
Budget to initiate a joint study of Federal organization of the ra- 
diological health activities. The Bureau of the Budget was directed 
to provide leadership for the study and to be responsible for making 
recommendations to the President when the study was completed. 

On the basis of recommendations of the Director of the Bureau of 
the Budget, concurred in by the Secretary of Health, Education, and 
Welfare; the Chairman of the Atomic Energy Commission; and the 
special assistant to the President for science and technology, the 
President established the Federal Radiation Council by Executive 
Order 10831 on August 14, 1959. The Council was originally com- 
posed of the Secretary of Defense; Secretary of Commerce; Secretary 
of Health, Education, and Welfare; and the Chairman of the Atomic 
Energy Commission. The Secretary of Health, Education, and Wel- 
fare was appointed Chairman of the Council. The special assistant 
to the President for science and technology was authorized to attend 
the meetings and to participate in the deliberations of the Council. 

In announcing the establishment of the Council, the President indi- 
cated that the major objective was the centralization of responsibility 
for providing general standards and guidance to executive agencies 
for their use in developing operating rules and regulations for ra- 
diological health protection. 

Public Law 86-373, introduced as S. 2568 by Senator Anderson and 
signed by the President on September 23, 1959, made the Council 
statutory. This law, in addition to adding the Secretary of Labor to 
the membership of the Council, provided for “such other members as 
shall be appointed by the President.” The statute also provided that 
the Council— 
consult qualified scientists and experts in radiation matters, including the Presi- 
dent of the National Academy of Sciences, the Chairman of the National Com- 
mittee on Radiation Protection and Measurements, and qualified experts in the 
field of biology and medicine and the field of health physics. 

The statute described the function of the Council in the following 
language: 

The Council shall advise the President with respect to radiation matters, di- 


rectly or indirectly affecting health, including guidance for all Federal agencies 
in the formulation of radiation standards and in the establishment and execu- 
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tion of programs of cooperation with States. The Council shall also perform 
such other functions as the President may assign to it by Executive order. 


INITIAL ACTIVITIES OF THE COUNCIL 


At its organizational meeting, the Council appointed a Secretary, 
Dr. Donald R. Chadwick, and a working group of senior technical 
representatives of the participating agencies. Members of the work- 
ing group are: 

Dr. Allen V. Astin, Director, National Bureau of Standards, 
Chairman. 

Dr. Nathan Woodruff, Director, Office of Health and Safety, Atomic 
Energy Commission. 

Dr. David E. Price, Chief, Bureau of State Services, Public Health 
Service, HEW. 

Dr. Edwin P. Laug, Chief, Physiochemistry Branch, Bureau of Bio- 
logical and Physical Sciences, Food and Drug Administration, 
HEW. 

Col. Carl Tessmer, Chief, Basic Sciences Division, Armed Forces 
Institute of Pathology, Department of Defense. 

Mr. Richard A. Schwarz, assistant to the Under Secretary, Depart- 
ment of Labor. 

The working group has the responsibility of working on the develop- 
ment and conduct of the projects of the Council. Under the direction 
of the Council, the working group deals with specific problems of Fed- 
eral programs in radiation protection. The group also anticipates 
problems which would require action by the Council. The working 
group members also serve as a coordinating point through which the 
competencies of the various agencies can be brought to bear on specific 
problems as they are considered. 

In the first phase of its operations, the working group worked on the 
development of recommendations by the Council on radiation protec- 
tion standards. A working plan was developed, directed toward the 
provision of initial recommendations on radiation protection stand- 
ards. The working plan called for extensive studies and consultations 
with scientists within and outside the Government To expedite the 
study, the Council set up a temporary staff of four scientists made 
available by the participating agencies. Members of this staff were: 


Dr. Harold O. Wyckoff (radiation physicist) National Bureau of 
Standards. 

Dr. Victor Beard (radiochemist), Atomic Energy Commission. 

Dr. Clinton C. Powell (radiologist), Public Health Service. 

Dr. Simon Abrahams (physician), Public Health Service. 


DEVELOPMENT OF THE STAFF PAPER 


The temporary staff began work on the development of the staff 
paper, January 1, 1960, and worked full time 314 months. The work- 
ing group held about 30 half-day sessions during this period. In 
addition, substantial work was performed throughout the period by 


the working group members and their staffs, preparatory to and after 
each meeting. 
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Consultations were held with staff members of the various Federal 
agencies concerned with radiation protection in order to define the 
problem areas to be provided for in recommended protection stand- 
ards. A list of the agencies and individuals consulted is contained in 
attachment 1 (p. 124). It will be noted that in addition to discussions 
with staff members from the agencies represented on the Council, there 
were also consultations with agencies not on the Council but with 
statutory responsibilities in the field. In the latter category were dis- 
cussions with staff members in the U.S. Coast Guard of the Treasury 
Department with responsibility for health and safety on U.S. ships 
and with those in the Agricultural Research Service of the Depart- 
ment of Agriculture with responsibility for the safety of poultry and 
meats. Usually at least a day was spent on each problem area, involv- 
ing one or more agency staff members. 

The objectives of these meetings were: (1) to determine the unique 
problems of these agencies, (2) to define the problem areas not ade- 
quately covered by current radiation protection standards recom- 
mended by the National Committee on Radiation Protection and Meas- 
urements and the National Academy of Sciences and (3) to discuss the 
implications of these standards and of possible different standards. 

Gonnia ligt were also held with scientists outside the Government 
in the various fields involved in the development of radiation protec- 
tion standards. A list of these scientists is contained in attachment 2 
(p. 125). The scientists were selected for their area of capability 
without particular regard to their affiliation. They included radiobi- 
ologists, pathologists, hematologists, radiologists, geneticists, radiation 
physicists, and radiochemists. The scientists were, or had been, asso- 
ciated with such groups as the National Committee on Radiation Pro- 
tection and Measurements, the National Academy of Sciences Com- 
mittees on the Biological Effects of Atomic Radiation, the Interna- 
tional Commission on Radiological Protection, and the UN Scientific 
Committee on the Effects of Atomic Radiation, as well as other na- 
tional and international organizations. Usually one full day was spent 
with each consultant. Among the purposes of these consultations 
were: (1) to discuss the underlying assumptions and approximations 
upon which recommendations of scientific groups on radiation protec- 
tion standards were based, (2) to review the most up-to-date infor- 
mation on the biological effects of radiation, and (3) to elucidate some 
of the physical and chemical problems involved in the establishment 
and implementation of radiation protection standards. 

Meetings of the Council were called to approve the working plan, 
to follow the development of the data, and to make policy decisions 
as the development of the recommendations proceeded. Eight meet- 
ings of the Council were held during the development of the recom- 
mendations, in addition to the previous two Council meetings. 


DEVELOPMENT. OF THE FEDERAL RADIATION COUNCIL MEMORANDUM TO THE 
PRESIDENT 


It is clear that the formulation of radiation protection standards 
involves a balancing of the risks to man of exposure to ionizing radia- 
tion against the benefits to be derived from the many important usa 
to which radiation is applied. The staff of the Council conducted a 
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careful review of the current information on the hazards of ionizing 
radiation. As recommendations were being developed, each agency 
examined the basic assumptions, definitions, and recommendations in 
light of its statutory responsibility. 

On the basis of the procedure outlined above, the Council prepared 
a memorandum for the President on radiation protection guidance for 
Federal agencies. Contained in the memorandum were seven recom- 
mendations. The recommendations were approved by the President 
on May 13, 1960, and the memorandum was published in the Federal 
Register on May 18, 1960. 

The standards promulgated by the President are in the form of guid- 
ance to which the heads of agencies of the executive branch will con- 
form. It is not believed that any legislative action is needed at this 
time. Should any question arise concerning the applicability of such 
guidance to any agency or any function, specific remedying legislation 
would be sought. 

I should like to enter in the record two documents: (1) the memoran- 
dum for the President on Radiation Protection Guidance for Federal 
Agencies and (2) Staff Report No. 1 of the Federal Radiation Council, 
“Background Material for the Development of Radiation Protection 
Standards,” dated May 13, 1960. 

Representative Hotrrretp. They will be received. 

(The memorandum for the President will be found on p. 120. The 
Staff Report No. 1 of the Federal Radiation Council will be found in 
Appendix 6, p. 623.) 

Dr. Cuapwick. I have anticipated certain questions may arise con- 
cerning the memorandum for the President and the background 
document. Since these questions are of a scientific and technical na- 
ture, I have asked the working group of the Federal Radiation 
Council to prepare a memorandum, answering these questions. I am 
including this memorandum in my prepared testimony at this point. 

Representative Hosmer. What is the date of that memorandum ? 

Dr. Cuapwick. It was last Friday, sir. 

(The memorandum referred to follows :) 





























May 20, 1960. 





MEMORANDUM 






To: Chairman, Federal Radiation Council. 
From: Chairman, Working Group, Federal Radiation Council. 
Subject: Answers to certain questions concerning the first report of the Federal 
Radiation Council. 
In accordance with your request, the working group has prepared the follow- 
ing answers to certain questions which might arise in connection with the report. 


1. How does one interpret the close agreement between the Federal Radiation 


Council recommendation and those of the National Committee on Radiation 
Protection and Measurements? 


It will be noted that the numerical recommendations developed by the Council 
do not differ substantively from certain other numerical recommendations such 
as those made by the National Committee on Radiation Protection and Measure- 
ments, the National Academy of Sciences, and the International Commission on 
Radiological Protection. This fact is highly significant. The Federal Radiation 
Council has made an extensive review of the many factors involved in the 
development of radiation protection standards. Many weeks have been spent 
in reviewing the basic biological data, for instance. The close agreement indi- 
tates that a careful review of all these data and factors involved in the formula- 
tion of radiation protection standards by different groups usually leads to the 
same conclusion. There are, of course, extensive areas of uncertainty, and the 
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Council has indicated that it is urgent that additional research be undertaken 
and data developed to provide a firmer basis for evaluating biological risk. 
However, the degree of concurrence indicates that the data currently available 
point rather clearly to a consistent approach. 


2. What is the meaning of the radiation protection guides? 


The term “radiation protection guide” has been adopted for Federal use. 
This term is defined as the radiation dose which should not be exceeded without 
eareful consideration of the reasons for doing so; every effort should be made 
to encourage the maintenance of radiation doses as far below this guide as 
practicable. The term “maximum permissible dose’ as used by the National 
Committee on Radiation Protection and Measurements and the International 
Commission on Radiological Protection is not being recommended for use by 
Federal agencies. 

There is more involved here than the arbitrary change of terminology. An 
important principle is involved. The term “maximum permissible dose” is 
often misunderstood. It has unfortunate and inaccurate connotations not 
intended by either the NCRP or the ICRP. The term “radiation protection 
guide” with its definition more accurately represents the significance of numeri- 
cal values in radiation protection programs. Because of the nature of radiation 
effects, and particularly the relationships between radiation dose and biological 
effect, there can be no single permissible or acceptable level of exposure with- 
out regard to the reason for permitting the exposure. Any numerical value is 
appropriate only for the circumstances for which it was developed. There 
ean, and should be, different radiation protection guides with different numeri- 
eal values depending upon the circumstances. The specific radiation protection 
guides promulgated by the President by approval of the recommendations con- 
tained in the memorandum from the Federal Radiation Council are appropri- 
ate for normal peacetime operations. 


8. How should the whole population per capita dose of whole body 0.17 rem per 
year be used? 


For the individual in the population, the basic guide for annual whole body 
dose is 0.5 rem. This guide applies when the individual whole body doses are 
known. Under certain conditions, such as widespread radioactive contamina- 
tion of the environment, the only data available may be related to average con- 
tamination or average exposure levels. Therefore, an operational technique is 
needed for assuring that the basic guide for individual exposure is being met. 
The Council suggests the use of the arbitrary assumption that the majority of 
individuals do not vary from the average by a factor greater than 3. Thus, 
where the individual whole body doses are not known, a suitable sample of the 
exposed population should be developed whose protection guide for annual whole 
body dose will be 0.17 rem per capita per year. It is noted that the use of 
the average figure as a substitute for evidence concerning the dose to indi- 
viduals is permissible only when there is a probability of appreciable home 
geneity concerning the distribution of the dose within the population included 
in the average. Particular care should be taken to assure that a dispropor- 
tionate fraction of the average dose is not received by the most sensitive popu- 
lation elements. Specifically, it would be inappropriate to average the dose 
between children and adults, especially if it is believed that there are selective 
factors making the dose to children generally higher than that for adults. 


ALLEN V. ASTIN, 
Chairman, Working Group, FRC. 


FURTHER WORK OF THE COUNCIL 


Dr. Cuapwicr. The first report of the Council is limited. It isa 
first step of the Council in meeting its statutory responsibility. I 
asked the working group of the Council to prepare a memorandum on 
work going on directed toward development of additional guides for 
radiation protection. This memorandum is dated May 20, 1960. 

(The memorandum referred to follows :) 
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May 20, 1960. 
MEMORANDUM 

To: Chairman, Federal Radiation Council. 

From: Chairman, Working Group, Federal Radiation Council. 

Subject : Further work of the Council staff. 

In accordance with your request, the working group has prepared the fol- 
lowing memorandum, indicating the direction of further work of the staff of the 
Federal Radiation Council. 

No specific numericai recommendations for radioactivity concentration guides 
are provided at this time. There is, therefore, an important need for guidance 
to the Federal agencies on environmental contamination with radioactive mate- 
rials, particularly those which represent an internal radiation hazard. 

Action has been initiated directed toward the development of such additional 


guides for radiation protection. A second temporary fulltime staff began work 
May 2, 1960. Members of this temporary staff are: 


Capt. John K. Maier, Medical Corps, U.S. Army, Department of Radiology, 
Walter Reed Medical Center. 


Dr. Thomas Ely, Office of Health and Safety, Atomic Energy Commission. 

Dr. Duncan Holaday, Occupational Health Field Station, Public Health 
Service. 

Dr. Walter Snyder, Oak Ridge National Laboratory. 

Working plans for the development of additional guides are currently being 
formulated. It is expected, however, that the general approach will be similar 
to that followed in the development of the initial staff report of the Federal 
Radiation Council. 


ALLEN V. ASTIN, 
Chairman, Working Group, FRC. 

Dr. CHapwick. I am happy to have had the opportunity to discuss 
the important work of the Federal Radiation Council with this com- 
mittee. 

Representative Houirrerp, Thank you, Dr. Chadwick. 

Senator Hickenlooper ? 

Senator HickENLooper. I have no questions, Mr. Chairman. 

Representative Houirietp. Mr. Price? 

Representative Price. I have no questions. 

Representative Houirretp. Mr. Hosmer? 

Representative Hosmer. Not at the present time, Mr. Chairman. 

Representative Horirretp. Mr. Bates? 

Representative Barres. No, thank you, Mr. Chairman. 

Representative Honirreip. As I listened to your report and noting 
particularly the group of people on pages 2 and 8 which you designate 
as your working group, the thought occurred to me as to how much 
time these people give to this work. I wonder if we could have some 
estimate of the time that is involved in their work and also the time 
which your second group outlined on page 10 expect to give to this 
assignment, 

Dr. Cuapwick. Mr. Chairman, as I indicated on page 3, at the bot- 
tom, the working group to which we referred on page 2 and the top 
of page 3 held 30 half-day sessions during the period of work in 
connection with the development of this report. These sessions usu- 
ally lasted approximately 3 hours, so this would be approximately 100 
10urs in actual sessions. 

As I have pointed out in the next sentence, this is in addition to the 
homework, as it were, that was conducted by the members of the 
working group, and also by members of their staff between the meet- 
ings. In other words, followup work was required after meetings 


and also preparations for subsequent meetings. 
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As indicated on the bottom of page 3, the first temporary staff was 
on duty full time from January 1, 1960, through approximately April 
15, 1960. 

With respect to the next question on the second temporary staff, 
which is listed on page 10 of the prepared testimony, I don’t think 
that we can make a very accurate estimate at this time of the total 
lengh of time during which this group will be at work. I suspect 
that this will develop in practice, as it were, when we find out just hou 
long it will take to follow the working plan that they will be formulat- 
ing to assist in the development of the recommendations. 

tepresentative Honirie.p. It appears that for a new agency that 
you are proceeding in a fair manner to discharge your responsibilities, 
How much of your work or how much do you depend on the NCRP 
and ICRP to facilitate your work? I suppose you have access to all 
of their documents ? 

Mr. Cuapwick. Yes, sir; we do. 

Representative Horirrerp. Dr. Taylor testified that there were 
about 150 scientists working on their problems. I am wondering if 
they do a great deal of the preparatory research work before it arrives 
at your agency, and you more or less act as an evaluator of what 
they do? 

Dr. Cuapwick. I would say there are several ways, Mr. Chairman, 
in which the NCRP assists the Council. First of all, extensive study 
is made of the documents and various reports which they have pre- 
pared. Secondly, as Dr. Taylor indicated yesterday, he has assisted 
in the work of developing the first report in a very direct fashion. He 
indicated yesterday, I believe, that he had attended all but a very small 
number of the working group meetings, and had participated actively 
in the study. Ofcourse, the third way is by virtue of those individual 
scientists who were consulted who are also members of the NCRP. 

As I indicated before, listed in appendix 3 are the consultants that 
were called in. Many of these individuals are members of the NCRP 
and ICRP, and other organizations such as the National Academy of 
Sciences, and so on. 

Representative Hotrrretp. The memorandum of the Federal Radia- 
tion Council on page 1 makes the statement that setting radiation 
protection standards involves judgments on benefits and costs in the 
broad sense of atomic energy, including hazards of radiation. How 
have such judgments been made for this memorandum? Who made 
them ? 

Dr. Cuapwick. Mr. Chairman, as was indicated in the testimony, 
as these recommendations were in the process of being developed, each 
agency evaluated the data and tentative recommendations to determine 
their impact on the statutory responsibility of the agency. It was at 
this point that the judgment on benefit versus risk entered in. 

Representative HotirreLp. Did you receive a report from the differ- 
ent agencies after they had examined the memorandum and responded 
in light of their own statutory responsibilities ? 

Dr. CuHapwick. Yes, sir. 

Representative Horirrecp. On page 5, what do you mean by normal 
peacetime operation? Tobe more specific, is fallout, testing of nuclear 
rockets, nuclear submarines, and so forth, included in that, or are 
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those fields extraneous to your interpretation of the normal peace- 
time applications ? 

Dr. Cisne, Mr. Chairman, the periien of most of the par- 
ticular applications you have mentioned is primarily one of environ- 
mental contaminants that involve an internal radiation exposure. 
As we have indicated in our memorandum, this particular problem 
of internal radioactive emitters is currently being worked on by the 
Council. 

Representative Hotirtetp. Food and water and that sort of thing. 

Dr. Cuapwicsk. Yes, sir. This type of problem is the project that is 
currently underway with the temporary staff that we indicated in our 
testimony. 

Representative Hoxrrreip. So in effect you are really not concerning 
yourselves with the problems which may develop in relation to fallout, 
testing of nuclear rockets, testing of nuclear airplane engines, the 
operation of nuclear submarines in harbors and things like that. 

Dr. Cuapwick. Sir, as indicated in the testimony, special problems 
would require special consideration by the Council. 

Representative HonirreLp. You would depend upon the respective 
agencies initiating that, or would there be an overriding concern 
expressed by your coordinating body ? 

r. CHapwick. I suspect, sir, that perhaps is a question that the 
chairman himself, Dr. Flemming, might need to go into with you. He 
did indicate that he would like to have the opportunity to come before 
you at a later time. 

Representative Hotirtetp. Thursday, June 2, we might have some 
time for him. That is the day set aside for public witnesses, but we 
could probably put him on ahead of time. Excuse me, the staff tells 
me it is Friday for public witnesses. 

Have the international aspects of these regulations been examined, 
or have eee gone outside of the domestic field yet ? 

Dr. Cuapwick. As Mr. Staats indicated, this memorandum was 
considered at a Cabinet meeting. I would not feel that I could ade- 
quately provide an answer to that question. 

Representative Hoxtrrevp. Is there any connection between your 
body and the UN committee, for instance, through the State Depart- 
ment representation ? 

Dr, Cuapwickx. Mr. Chairman, as we indicated in our testimony, 
some of the scientists who were consulted in the development of the 
basic data on which these recommendations were based were members 
of the UN Scientific Committee on the Biological Effects of Atomic 
Radiation. 

Representative Hoitrreip. Specifically there has been no formal at- 
tempt for coordination as yet of the domestic problems with the 
international problems? 

Dr. Cuapwicx. No, sir; at least none of which I am aware. 

Representative Bares. Dr. Chadwick, most of your assistants in 
the Council are of an interim nature, your working group and tem- 
porary staff, et cetera. I would suspect that perhaps even some of 
these Cabinet members who are members of the Council may not be 
around next year. Perhaps of their own volition. In that respect, 
it does not anpeot to have any permanency. I wonder if you would 
comment on that aspect of it, what efforts are being made to get a 
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permanent organization set up with respect to assistance to the 
Council. 

Dr. Cuapwick. The method of operation of the Council to date 
has been, let us say, similar to the method of operation which has 
been followed by other groups in the development of radiation protec- 
tion standards; by similar, I mean in terms of the working basis. It 
has been felt that, at least in the stage in which the Council is cur- 
rently involved, the bringing in for specific projects the people 
whose special competence makes them best qualified to deal with the 
problem under consideration is probably the best operating system at 
the present time. 

Representative Bares. I think that is true. But still you need a 
permanent organization, as well. In other words, you are going to 
get consultants and advisers on all of these problems whenever you 
need an expert. What do you have in your own operation? You are 
secretary now. 

Dr. Cuapwick. Yes, sir. 

Representative Bares. What sort of staff do you have? 

Dr. Cuapwick. I am the only permanent full time staff member. 
However, as was indicated in the testimony here, there have been 
actually working at any given time additional full time staff. We 
indicated the first temporary staff, for instance, worked 314 months 
full time. 

Representative Bares. But they are of a temporary nature. I was 
just wondering what you are going to do for the long pull. Are you 
going to have a permanent staff ? 

Dr. Cuapwicsk. I don’t think that we can adequately answer a 
question of that sort at the present time. 

Representative Bares. As you look at the list here of working 
groups these people all have very important jobs on their own. Tak- 
ing a look at the temporary staff, those people have responsibilities 
of their own even outside of this particular jurisdiction. 

Dr. Cuapwick. Mr. Bates, the temporary staff, as it has been work- 
ing, have not had other responsibilities at the time during which they 
were assigned to the Council operations. In other words, the first 
temporary staff that is listed worked full time. 

Representative Bares. They have titles. Dr. Wyckoff is a tempo- 
rary staff member. He isa radiation physicist at the National Bureau 
of Standards. Are you telling the committee he did not have any- 
thing to do down there? 

Dr. Cuapwick. Each one of the agencies made the sacrifice of as- 
signing to the Council valuable staff members. 

Representative Bares. That is my point. It is a sacrifice. He was 
doing something that somebody must have considered to be important. 
What I am trying to get at is, what type of thinking is being directed 
to a permanent staff, and the answer apparently is none; is that 
correct ? 

Dr. Cuapwick. I think the answer, sir, is that in each case as we 
are working on a particular problem, our desire is to get the best avail- 
able people. In most cases these individuals are persons with im- 
portant responsibilities within the agencies. This system, at least 
thus far, has proven to be in our opinion a successful way of operat- 
ing, because people are assigned who are intimately involved with 
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the problems that are being considered, rather than people who, to 
borrow a phrase from yesterday, are in an ivory tower. 

Representative Bates. On the other hand, every agency has that 
same problem. Nevertheless, they have their own organizations. If 
they want to get specialists they go out and get them. But they do 
have a continuous working group, a permanent organization. I am 
not advocating setting up many new bureaus around here. It does 
seem to me that such would be desirable in this case. You are the only 
permanent member of the staff. 

Dr. Cuapwick. Yes. 

Representative Hosmer. I think possibly that is the real answer to 
your question. 

Representative Bares. You mean the doctor is doing so well. The 
fact that he comes from Boston would not have anything to do with 
that. 

Representative Hosmer. Possibly this reveals an interesting side- 
light on the governmental processes, or at least the question of who 
governs us. We keep peeling off layers of authority, or at least ap- 
parent authority. We start out with the President who signs the 
guides after a lot of work has been done by somebody. Then we come 
to the Council itself, which is a part-time job consisting of people who 
are inexpert in the sense that they are not qualified technicians in this 
field. Then they get the working group, as they call it. The work- 
ing group consists of people who already have busy jobs, and they 
manage to meet 30 times in half-day sessions, in the course of which 
they appointed a technical staff. Now we are getting down to about 
the third or fourth level of people who also have other jobs, but they 
are taken off them and they work full time on this for 105 days. They 
go out and interview people at a level further down, other people in 
Government agencies and technicians in the U.N. and private industry. 
So actually this thing comes out at this third or fourth level temporary 
staff, with Dr. Chadwick as the anchor man, who is an officer of the 
Public Health Service who will be on the job irrespective of the admin- 
istrations and probably by this time has become the only fellow that 
knows where all the bodies are buried and who can actually handle this 
job. He will be there. So our real trust and confidence in one man 
is in Dr. Chadwick, who appears to be a competent gentleman, except 
that if he were not we might get into massive trouble with this 
whole thing. 

Representative Horirreip. It makes us wonder, Dr. Chadwick, if 
you have enough of a staff to help you shoulder this load of responsi- 

ility, which, as Mr. Hosmer points out, is handed down to you by 
successive layers of delegation. 

Representative Hosmer. I think that he probably should have no 
staff ; therefore he is a prisoner of nobody but himeel ?, responsible for 
doing the job, and perhaps that is the way it should be. 

Representative Horirrrp. I am thinking about a staff to process 
these matters that come to you. I am not quite clear what the burden 
of your work is. I am wondering, is it up to you as an individual to 
pore over all these reports and the problems of the different agencies 
asthey come up? Do they initiate problems and bring them to you or 


do you have time enough to originate study of problems? Let us take 
a specific case. 
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Do you know anything about the trouble they have had in the mines 
in enforcing safety regulations? Has it been brought to your atten- 
tion, and have you studied it, and is there a group working on it and, 
if so, who? 

Dr. Cuapwicx. To answer those questions: Yes, the matter has been 
brought up, and yes, it is being worked on. 

Representative Hotirretp. How has it been brought up ? 

Dr. Cuapwick. The mechanism whereby problems are brought u 
and subjected to study is through the working group, as was indica 
in the paper here. 

Representative Honirrevp. The AEC was first aware of this mining 
problem. Have they furnished you a background of information 
on this or any suggestions as to consideration by the Council, any 
memorandum as to policy or anything like that ? 

Dr. Cuapwick. Mr. Chairman, this is one of the major purposes 
of the current temporary staff that began operation on May 2—to 
examine the presence of radioactive contaminants in the environment. 

Representative Horirreip. You are speaking of Dr. Holaday and 
his colleagues in particular now; are you? 

Dr. Cmapwick. Yes, sir. Dr. Holaday, Dr. Snyder, Dr. Maier, 
and Dr. Ely. 

Representative Hoxirretp. They were appointed on May 2. The 
point is that you are now getting around to looking at this; is that it? 

Dr. Cuapwick. Yes, sir. 

Representative Horirretp. Has Dr. Holaday prepared anything 
on this yet, or is he in the process? 

Dr. et The group is in the process of working on it. 

Mr. Ramey. Dr. Holaday has a statement in our preprint that may 
provide some basis for going into this. 

Representative Hosmer. Dr. Chadwick, it occurs to me that what 
you essentially are charged with here is not a continuing review, but 
a periodic review in connection with various aspects of this matter, 
and therefore rather than a continuing staff you want to pull to 
gether experts on a periodic basis in connection with a particular 
field in which you now having established certain criteria will seek 
on a periodic basis to update them. 

Dr. Cuapwick. That is certainly the way the Council’s operation 
has taken place to date. As to any future developments, I can’t indi- 
cate what they might be. 

Representative Hosmer. If you had a permanent staff you would 
have to set them on different tasks which they might not in all cases 
be fully qualified for. By the use of temporary staffs, you are able 
to pull together the people who are best qualified to review the par- 
ticular subject at hand. 

Dr. Cuapwicsk. This has been the thinking to date. 

Representative Hosmer. Your job is to keep going up and down the 
list to make sure that there are no gaps left and nothing is over- 
looked by way of review; is that right ? 

Dr. Cuapwick. The working group, actually, is the one that has 
this responsibility. 

Representative Hosmer. I know, but they pull a card out of their 
pocket which their Secretary has written up which says, “Go down 
to a working group meeting this morning.” They wonder what they 
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will do. They get there and Dr. Chadwick has something for them 
to ratify hastily so they can go back to their regular jobs. That may 
be overcaricaturizing it, but is there an element of some truth in 
what I say? 

Dr. Cuapwick. Actually the members of the working group have 
put really a startling amount of time into this work of the Federal 
Radiation Council, work which I am sure in many instances has been 
done at other times than the norma! working day. 

Representative Hosmer. Under the stimulus, no doubt, of the new- 
ness of this particular Council. But as the years go by and it becomes 
a matter of routine, more and more you, as the staffman, or whoever 
your successor is, will actually be responsible for this, I am sure. 
Representative Horirreip. Are they on a per diem basis, these peo- 
ple, when they attend these meetings, or is this a voluntary service 
on their part ? 

Dr. CHapwick. The working group members, sir? 

Representative Hourrretp. Yes. 

Dr. Cuapwick. The working group members are all full-time Gov- 
ernment. employees, and they are working here in Washington. 

Representative Howtrrecp. Therefore, any activities they give to 
this is either an addition to their regular duties and, therefore, sub- 
tracts from their present responsibilities, in order to contribute. Am 
I stating that correctly ? 

Dr. Astrn. Mr. Chairman, maybe I should attempt to answer this 
as chairman of the working group. Certainly the work of the Fed- 
eral Radiation Council has consumed a great deal of my time and 
effort over the last several months. 

Representative Hoxrrmip. The Chair is not being critical, Dr. 
Astin. We are just trying to find out. 

Dr. Astin. This is why I would like to clarify some of these ques- 
tions. We have been operating with the general point of view of 
doing the job of the Federal Radiation Council with a minimum per- 
manent new organization. For this reason we have tried to hold down 
the building up of a large permanent staff. But in doing this we have 
taken the point of view that the resources of all of the interested 
Government agencies are at our disposal. As chairman of the work- 
ing group, I feel if there is a job that HEW can help on, or the De- 
partment of Defense, or my own National Bureau of Standards, these 
resources are available to us to help carry out the job. So it is more 
than just having one man as the secretary for the permanent staff. 
We have the whole resources of these important parts of the executive 
branch of Government at our disposal, and we have been using them. 

For example, Lauriston Taylor’s name does not appear in this re- 
port as having contributed to this effort, but I have depended heavily 
on him and consider him one of the major resources at my disposal 
to help carry out my responsibility as chairman of the working group. 
So there is a lot more depth to this activity than appears on the sur- 
face. I should also emphasize that the present size of the permanent 
staff, or secretariat, isexperimental. Weare trying tosee if we can get 
by with this. If we can’t, recommendations will be made to provide 
ae size staff on a continuing permanent basis is necessary to do 
the job. 
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Representative Horretp. Dr. Astin, I think you know that this 
committee regards you and the work you have done very highly, 
As I say, my questions are not in the nature of being critical. We 
are trying to find out and help. I realize that the Federal Radiation 
Council is new. We are certainly not going to be critical of what 
you have done with only a few months’ background. We are try- 
ing to find out how it operates. We recognize that you have 
tremendous responsibility in your own agency. You told ‘this com- 
mittee that you have given a great deal of time to this particular 
matter. I think it is commendable. But we are wondering if this 
is being looked upon as an interim arrangement or if we are work- 
ing toward probably a better and more permanent organization. 

Dr. Astix. The questions which you and Mr. Hosmer have raised 
as to whether or not the present arrangement is adequate are ques- 
tions which have been worrying me and other members of the work- 
ing group all during our past several months of effort. This is why 
I would like to emphasize I consider it, and I think Mr. Flemming 
and other Council members do, too, as experimental. We have the 
hope that we can do the job with a very small permanent staff. If 
this does not appear to be possible, then we will take whatever steps 
appear necessary or desirable to get adequate depth in the staff. 

Representative Horirienp. The Chair has just been informed that 
there is a rolleall vote going on on the public works bill. We will 
have to adjourn at this time. We were hoping to go ahead and 
finish with you gentlemen. Possibly you will be back with us next 
Thursday. May ‘be we can continue and possibly Dr. Flemming could 
be here at that time. We could reserve our additional questions for 
that time. 

Dr. CHapwick. At the June 2 meeting, sir, where he is regularly 
scheduled. 

Representative Hortrrecp. Yes. At this time the committee will 
stand adjourned until 2 o’clock. 

(The material referred to by Dr. Chadwick follows:) 


[From the Federal Register, May 18, 1960] 
FEDERAL RADIATION COUNCIL 
RADIATION PROTECTION GUIDANCE FOR FEDERAL AGENCIES 
MEMORANDUM FOR THE PRESIDENT 


Pursuant to Executive Order 10831 and Public Law 86-373, the Federal Radia- 
tion Council has made a study of the hazards and use of radiation. We herewith 
transmit our first report to you concerning our finding and our recommendations 
for the guidance of Federal agencies in the conduct of their radiation protection 
activities. 

It is the statutory responsibility of the Council to “* * * advise the President 
with respect to radiation matters, directly or indirectly affecting health, includ- 
ing guidance for all Federal agencies in the formulation of radiation standards 
and in the establishment and execution of programs of cooperation with 
States * * *,.” 

Fundamentally, setting basic radiation protection standards involves passing 
judgment on the extent of the possible health hazard society is willing to accept 
in order to realize the known benefits of radiation. It involves inevitably a bal- 
ancing between total health protection, which might require foregoing any ac 
tivities inereasing exposure to radiation,.and the vigorous promotion of the usé 
of radiation and atomic energy in order to achieve optimum benefits. 

The Federal Radiation Council has reviewed available knowledge on radia- 
tion effects and consulted with scientists within and. outside the. Government. 
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Each member has also examined the guidance recommended in this memoran- 
dum in light of his statutory responsibilities. Although the guidance does not 
cover all phases of radiation protection, such as internal emiters, we find that the 
guidance which we recommend that you provide for the use of Federal agen- 
cies gives appropriate consideration to the requirements of health protection 
and the beneficial uses of radiation and atomic energy. Our further findings and 
recommendations follow. 

Discussion. The fundamental problem in establishing radiation protection 
guides is to allow as much of the beneficial uses of ionizing radiation as possible 
while assuring that man is not exposed to undue hazard. To get a true insight 
into the scope of the problem and the impact of the decisions involved, a review 
of the benefits and the hazards is necessary. 

It is important in considering both the benefits and hazards of radiation to ap- 
preciate that man has existed throughout his history in a bath of natural radia- 
tion. This background radiation, which varies over the earth, provides a 
partial basis for understanding the effects of radiation on man and serves as an 
indicator of the ranges of radiation exposures within which the human popu- 
lation has developed and increased. 

The benefits of ionizing radiation. Radiation properly controlled is a boom 
tomankind. It has been of inestimable value in the diagnosis and treatment of 
diseases. It can provide sources of energy greater than any the world has yet 
had available. In industry, it is used as a tool to measure thickness, quantity 
or quality, to discover hidden flaws, to trace liquid flow, and for other purposes, 
So many research uses for ionizing radiation have been found that scientists in 
many diverse fields now rank radiation with the microscope in value as a work- 
ing tool. 

The hazards of ionizing radiation. Ionizing radiation involves health hazards 
just as do many other useful tools. Scientific findings concerning the biolegical 
effects of radiation of most immediate interest to the establishment of radiation 
protection standards are the following: 

1. Acute doses of radiations may produce immediate or delayed effects, or both. 

2. As acute whole body doses increase above approximately 25 rems (units of 
radiation dose), immediately observable effects increase in severity with dose, 
beginning from barely detectable changes, to biological signs clearly indicating 
damage, to death at levels of a few hundred rems. 

3. Delayed effects produced either by acute irradiation or by chronic irradia- 
tion are similar in kind, but the ability of the body to repair radiation damage 
is usually more effective in the case of chronic than acute irradition. 

4. The delayed effects from radiation are in general indistinguishable from 
familiar pathological conditions usually present in the population. 

5. Delayed effects include genetic effects (effects transmitted to succeeding 
generations), increased incidence of tumors, lifespan shortening, and growth and 
development changes. 


6. The child, the infant, and the unborn infant appear to be more sensitive 
to radiation than the adult. 

7. The various organs of the body differ in their sensitivity to radiation. 

8. Although ionizing radiation can induce genetic and somatic effects (effects 
on the individual during his lifetime other than genetic effects), the evidence at 
the present time is insufficient to justify precise conclusions on the nature of the 
dose-effect relationship at low doses and dose rates. Moreover, the evidence is 
insufficient to prove either the hypothesis of a “damage threshold” (a point below 
which no damage occurs) or the hypothesis of “no threshold” in man at low doses. 

9. If one assumes a direct linear relation between biological effect and the 
amount of dose, it then becomes possible to relate very low dose to an assumed 
biological effect even though it is not detectable. It is generally agreed that the 
effect that may actually occur will not exceed the amount predicted by this as- 
sumption. 

Basic biological assumptions. There are insufficient. data to provide.a firm, 
basis for evaluating radiation effects for all types and levels of irradiation. 
There is particular uncertainty with respect to the biological effects at very low 
doses and low-dose rates. It is not prudent therefore to assume that there is a 
level of radiation exposure below which there is absolute certainty that no effect 
may occur. This consideration, in addition to the adoption of the conservative 
hypothesis of a linear relation between biological effect and the amount of dose, 
determines our basic approach to the formulation of radiation protection guides. 

The lack of adequate scientific information makes it urgent that additional 
Tesearch be undertaken and new data developed to provide a firmer basis for 
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evaluating biological risk. Appropriate member agencies of the Federal Radia- 
tion Council are sponsoring and encouraging research in these areas. 

Recommendations. In view of the findings summarized above the following 
recommendations are made: 

It is recommended that: 

1. There should not be any man-made radiation exposure without the expecta- 
tion of benefit resulting from such exposure. Activities resulting in man-made 
radiation exposure should be authorized for useful applications provided rec- 
ommendations set forth herein are followed. 

It is recommended that : 

2. The term “Radiation Protection Guide” be adopted for Federal use. This 
term is defined as the radiation does which should not be exceeded without care- 
ful consideration of the reasons for doing so; every effort should be made to 
encourage the maintenance of radiation doses as far below this guide as prac- 
ticable. 

It is recommended that: 

3. The following Radiation Protection Guides be adopted for normal peace- 
time operations: 


Type of exposure | Condition Dose (rem) 
Radiation worker: 
(a) Whole body, head and trunk, active blood- Accumulated dose... ae ae of years 
forming organs, gonads, or lens of eye. 13 weeks 3 y ag 


(6) Skin of whole body and thyroid--.-......-..- {% 

(c) Hands and forearms, feet and ankles 25. 

(d) Bone--.-- 0.1 microgram of radium- 
226 or its biological 
equivalent. 

15. 

5. 


opulation: 
(a) Individual 0.5 (whole body). 


(ec) Other organs 





e 


(6) Average 5 (gonads). 
| 


The following points are made in relation to the Radiation Protection Guides 
herein provided: 

(1) For the individual in the population, the basic Guide for annual whole 
body dose is 0.5 rem. This Guide applies when the individual whole body doses 
are known. As an operational technique, where the individual whole body 
doses are not known, a suitable sample of the exposed population should be 
developed whose protection guide for annual whole body dose will be 0.17 rem 
per capita per year. It is emphasized that this is an operational technique 
which should be modified to meet special situations. 

(2) Considerations of population genetics impose a per capita dose limitation 
for the gonads of 5 rems in 30 years. The operational mechanism described 
above for the annual individual whole body dose of 0.5 rem is likely in the imme 
diate future to assure that the gonadal exposure Guide (5 rem in 30 years) is not 
exceeded. 

(3) These Guides do not differ substantially from certain other recommenda- 
tions such as those made by the National Committee on Radiation Protection and 
Measurements, the National Academy of Sciences, and the International Commis- 
sion on Radiological Protection. 

(4) The term “maximum permissible dose” is used by the National Committee 
on Radiation Protection (NCRP) and the International Commission on Radio 
logical Protection (ICRP). However, this term is often misunderstood. The 
words “maximum” and “permissible” both have unfortunate connotations not 
intended by either the NCRP or the ICRP. 

(5) There can be no single permissible or acceptable level of exposure without 
regard to the reason for permitting the exposure. It should be general practice 
to reduce exposure to radiation, and positive effort should be earried out to 
fulfill the sense of these recommendations. It is basic that exposure to radiation 
should result from a real determination of its necessity. 

(6) There can be different Radiation Protection Guides with different numer- 
ical values, depending upon the circumstances. The Guides herein recommended 
are appropriate for normal peacetime operations. 
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(7) These Guides are not intended to apply to radiation exposure resulting 
from natural background or the purposeful exposure of patients by practitioners 
of the healing arts. 

(8) It is recognized that our present scientific knowledge does not provide a 
firm foundation within a factor of two or three for selection of any particular 
numerical value in preference to another value. It should be recognized that the 
Radiation Protection Guides recommended in this paper are well below the level 
where biological damage has been observed in humans. 

It is recommended that: 

4. Current protection guides used by the agencies be continued on an interim 
basis for organ doses to the population. 

Recommendations are not made concerning the Radiation Protection Guides 
for individual organ doses to the population, other than the gonads. Unfor- 
tunately, the complexities of establishing guides applicable to radiation exposure 
of all body organs preclude the Council from making recommendations concerning 
them at this time. However, current protection guides used by the agencies 
appear appropriate on an interim basis. 

It is recommended that: 

5. The term “Radioactivity Concentration Guide” be adopted for Federal use. 
This term is defined as the concentration of radioactivity in the environment 
which is determined to result in whole body or organ doses equal to the 
Radiation Protection Guide. 

Within this definition, Radioactivity Concentration Guides can be determined 
after the Radiation Protection Guides are decided upon. Any given Radioactivity 
Concentration Guide is applicable only for the circumstances under which the 
use of its corresponding Radiation Protection Guide is appropriate. 

It is recommended that: 

6. The Federal agencies, as an interim measure, use radioactivity concentration 
guides which are consistent with the recommended Radiation Protection Guides. 
Where no Radiation Protection Guides are provided, Federal agencies continue 
present practices. 

No specific numerical recommendations for Radioactivity Concentration Guides 
are provided at this time. However, concentration guides now used by the 
agencies appear appropriate on an interim basis. Where appropriate radio- 
activity concentration guides are not available, and where Radiation Protection 
Guides for specific organs are provided herein, the latter Guides can be used by 
the Federal agencies as a starting point for the derivation of radioactivity 
concentration guides applicable to their particular problems. The Federal 
Radiation Council has also initiated action directed toward the development of 
additional Guides for radiation protection. 

It is recommended that: 

7. The Federal agencies apply these Radiation Protection Guides with judg- 
ment and discretion, to assure that reasonable probability is achieved in the 
attainment of the desired gal of protecting man from the undesirable effects of 
radiation. The Guides mav be exceeded only after the Federal agency having 
jurisdiction over the matte> has carefully considered the reason for doing so in 
light of the recommendations in this paper. 

The Radiation Protection “Suides provide a general framework for the radia- 
tion protection requirements. It is expected that each Federal agency, by 
virtue of its immediate knowledge of its operating problems, will use these 
Guides as a basis upon which to develop detailed standards tailored to meet its 
particular requirements. The Council will follow the activities of the Federal 
agencies in this area and »*= promote the necessary coordination to achieve an 
effective Federal program. 

If the foregoing recommendations are approved by you for the guidance of 
Federal agencies in the conduct of their radiation protection activities, it is fur- 
ther recommended that this memorandum be published in the FeperaL Register. 


ArTHour S. FLEMMING, 
Chairman, Federal Radiation Council. 
The recommendations numbered “1” through “7” contained in the above 
memorandum are approved for the guidance of Federal agencies, and the memo- 
randum shall be published in the FepERAL REGISTER. 
Dwiceut D. EISENHOWER. 


[F.R. Doc. 60-4539 ; filed, May 17, 1960; 8:51 a.m.] 
58454609 


May 13, 1960. 
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ATTACHMENT 1 


STAFF MEMBERS OF FEDERAL AGENCIES CONSULTED BY FEDERAL RADIATION 
CouNcIL STAFF 


ATOMIC ENERGY COMMISSION 


Dr. Forrest Western, Office of Health and Safety. 

Dr. Clifford Beck, Hazards Evaluation Branch. 

Mr. Lester R. Rodgers, Division of Licensing and Regulation. 
Lt. Col. Joseph Connor, Jr., Division of Reactor Development. 
Col. C. M. Barnes, Division of Reactor Development. 

Lt. Col C. M. Barnes, Division of Reactor Development. 


PUBLIC HEALTH SERVICE 


Dr. Francis J. Weber, Division of Radiological Health. 

Mr. James G. Terrill, Jr., Division of Radiological Health. 

Dr. Arthur H. Wolff, Division of Radiological Health. 

Dr. Gordon M. Dunning, Division of Radiological Health. 

Mr. Henry Doyle, Division of Special Health Services. 

Mr. Arthur P. Miller, Bureau of State Services. 

Mr. Ralph Graber, Division of Engineering Services. 

Mr. Harold B. Robinson, Division of Engineering Services. 

Mr. Robert Porter, Division of Engineering Services. 

Mr. Richard S. Green, Division of Water Supply and Pollution Control. 
Dr. Duncan Holaday, Division of Special Health Services. 

Dr. Abraham Goldin, Robert A. Taft Sanitary Engineering Center. 
Dr. Donald Rushing, Division of Special Health Services. 


FOOD AND DRUG ADMINISTRATION 


Dr. Edwin P. Laug, Division of Pharmacology, Bureau of Biological and Physi- 
eal Sciences. 
Mr. Shelbey Grey, Bureau of Program Planning and Appraisal. 


DEPARTMENT OF LABOR 


. Richard A. Schwarz, Assistant to Under Secretary of Labor. 


NATIONAL BUREAU OF STANDARDS 


. Lauriston 8. Taylor. 


DEPARTMENT OF AGRICULTURE 


Dr. Frank Todd, Agricultural Research Service. 
Dr. Robert F. Reitemeier, Soil and Water Conservation Research Division. 
Dr. Ronald G. Menzel, Soil and Water Conservation Research Division. 


U.S. COAST GUARD 


Capt. C. P. Murphy, Merchant Marine Safety Office. 

Capt. D. T. Adams, Merchant Marine Safety Office. 

Capt. J. J. Hutson, Port Security and Law Enforcement. 

Comdr. L. F. Sudnik, Chief of Legislative Section, Legal Division. 
Comdr. George Steinman, Merchant Marine Safety Office (Technical). 
Lt. Comdr. Mark Mitchell, Port Security and Law Enforcement. 

Lt. J. A. Flynn, Port Security and Law Enforcement. 


DEFENSE ATOMIC SUPPLY AGENCY, DEPARTMENT OF DEFENSE 
Capt. J. A. O’Donoghue. 
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ATTACHMENT 2 


CONSULTANTS FROM OUTSIDE THE GOVERNMENT TO FEDERAL RADIATION COUNCIL 
STAFF 


Dr. Claude W. Sill, National Reactor Testing Site. 

Dr. Morris F. Milligan, Los Alamos Scientific Laboratory. 

Dr. Wright Langham, Los Alamos Scientific Laboratory. 

Mr. Herbert M. Parker, General Electric, Hanford Works. 

Dr. G. Fialla, Columbia University. 

Dr. C. B. Braestrup, Columbia University. 

Dr. William Russell, Oak Ridge National Laboratory. 

Dr. K. Z. Morgan, Union Carbide Nuclear Co.—Oak Ridge National Laboratory. 


Dr. Walter Snyder, Union Carbide Nuclear Co.—Oak Ridge National Laboratory. 
Dr. James Sterner, Eastman Kodak. 


Dr. Victor Bond, Brookhaven National Laboratory. 
Dr. Shields Warren, New England Deaconess Hospital. 


Mr. R. G. McAlister, American Standards Association and Liberty Mutual Insur- 
ance Co. 


Dr. James Neel, University of Michigan. 

Dr. William B. Looney, Johns Hopkins University. 

Dr. Philip Sartwell, Johns Hopkins University. 

Dr. Henry Blair, University of Rochester. 

Dr. Edward B. Lewis, California Institute of Technology. 
Dr. Hermann J. Muller, Indiana University. 

Dr. L. D. Marinelli, Argonne National Laboratory. 

Dr. Austin Brues, Argonne National Laboratory. 

Dr. R. J. Hasterlik, Argonne Cancer Research Hospital. 

Dr. Richard Chamberlain, Hospital of the University of Pennsylvania. 
Dr. William Moloney, Boston City Hospital. 

Dr. Robley Evans, Massachusetts Institute of Technology. 
Dr. Robert Dudley, Massachusetts Institute of Technology. 


(Thereupon at 12:15 p.m., a recess was taken until 2 p.m., the same 


day.) 


AFTERNOON SESSION 


Representative Hortrretp. The committee will be in order. 

The first witness this afternoon will be Dr. Charles R. Williams, 
assistant vice president of Liberty Mutual Insurance Co. 

Dr. Williams, will you please come forward ? 


STATEMENT OF CHARLES R. WILLIAMS,’ PH. D., ASSISTANT VICE 


PRESIDENT, LIBERTY MUTUAL INSURANCE CO., BOSTON, 
MASS. 


Dr. Wiu1aMs. Mr. Holifield, I would like to express my apprecia- 
tion to your committee for the privilege of being here and to add my 
expression of appreciation also to the committee for delving into this 





1 Assistant vice president, director of industrial hygiene services, Liberty Mutual Insur- 
ance Co., 175 Berkeley Street, Boston, Mass., and associate professor of applied industrial 
hygiene, Harvard School of Public Health, 55 Shattuck Street, Boston, Mass. 

Consultant, health division, Los Alamos Scientific Laboratory, University of California, 
Los Alamos, N. Mex. ; member, teaching staff, Colby College course in industrial audiology. 

Born: Schenectady, N.Y., 1908. 

Education: Schenectady public schools; Union College, Schenectady, N.Y., A.B., 1929; 
Harvard University, A.M., 1930, Ph. D., 1934. 

Member: Sigma Xi, national honorary scientific society ; Delta Omega, national honor- 
ary public health society; American Industrial Hygiene Association (past president) ; 
Acoustical Society of America ; Atomic Industrial Forum; Health Physics Society (chair- 
man, legal committee ; advisory board for journal (Health Physics) ). 

Committees: Advisory Committee on Reactor Safeguards (U.S. Atomic Energy Com- 
mission) ; Advisory Committee to the Surgeon General on Occupational Health (U.S. Public 

ealth Service) ; Inspection Committee—Mutual Atomic Energy Reinsurance Pool (chair- 
man) ; Subcommittee on Atmospheric and Industrial Hygiene—National Research Council ; 
American Standards Association: Nuclear Standards Board, Z-37—Allowable Concentra- 
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very complicated problem. I certainly hope you come up with some 
answers to the perplexing questions facing all of us. 

I have a prepared statement which is in the hands of the committee. 
I should like to request the privilege of deviating from time to time 
in minor sorts of ways. 

Detailed material on various phases of radiation hazards relative to 
the activities of many official agencies and other groups concerned 
with radiation safety has been presented to the committee in several 
hearings. In discussing radiation standards I am assuming that we 
are covering only those. codes, standards, and regulations which are 
applicable to health and safety as distinguished from many other 
kinds of standards in the nuclear energy field. For purposes of dis- 
cussing the relationships between those groups which are concerned 
with the protection of the health and safety of industrial workers as 
well as the general public it would be helpful, first, to attempt to 
divide them into groups relating to their basic function and activities, 
This is not a simple thing to do because many of these organizations 
have expanded their activities from simple beginnings to attempts to 
cover the entire field. 


DEVELOPMENT OF BASIC DATA AND STANDARDS 


Both the NCRP and the ICRP originally assumed the responsibility 
of providing basic information on which subsequent regulations were 
based. Within the last 7 to 8 years, however, NCRP has expanded 
its activities far beyond this to dev elopment of specific standards, 
dealing not only with maximum permissible doses but also having 
broadened its interest to include such matters as legislation. 

The American Standards Association, on the other hand, has long 
been involved in.broad standardization work and has done little at the 
basic level, such as NCRP has done. 

I would like to remind many of those in the room who are probably 
already familiar with it that on April 15, 1946, the American Stand- 
ards Association published a code entitled “Safety Code for Industrial 
Use of X-Rays.” This is probably the first radiation code we had in 
the country. Here again the work was based on earlier work by the 
National Committee on Radiation Protection and utilized the maxi- 
mum permissible dose available at that time. 

There are significant differences between the methods of operation 
of the NCRP and the American Standards Association—the two most 
important groups in radiation standards work. The works of the 
NCRP is done in committee as it is with the ASA, but once the com- 
mittee has been able to find agreement, the material is published, 
largely in the form of handbooks of the National Bureau of Standards. 

As you know well, these handbooks do not carry any weight of law, 
but are intended to guide individuals who are working in the field. 


tions of Toxic Dusts and Gases, Z—54—-Industrial ‘Use of X-ray and Radium, Z—62—Un!- 
form Industrial Standards. 

U.S. delegate to organization meeting of International Organization for Standardiza- 
tion—Technical Committee 85—“Standardization for Nuclear Energy’’—Geneva, Switzer- 
land, 1957. 

Present activities: Prevention of occupational disease from toxic materials; control of 
radiation expostures from all sources; prevention of loss of hearing from noise ; evaluation 
and control of possible exposures to microwaves. 

Publications: Approximately 50 publications in the occupational health field. 





me 


ee, 
me 


> to 
ned 
ral 
we 
are 
her 
dlis- 
ned 
S as 
t to 
ties. 
ions 
's to 


ility 
were 
nded 
ards, 
ving 


long 


t the 


yably 
tand- 
strial 
ad in 
y the 
maxi- 


‘ation 
. most 
»f the 
 com- 
ished, 
dards. 
f law, 
eld. 


32 —Unt- 


dardiza- 
Switzer- 


yntrol of 
aluation 


RADIATION PROTECTION 127 


ASA, on the other hand, not only has its committees and subcom- 
mittees reach agreement, but their work must be approved by their 
sponsors and, furthermore, a finished standard must be submitted to 
an appropriate standards board—in the case of radiation, the Nuclear 
Standards Board—which must determine that there is a consensus 
among all interested groups and individuals before any standard 
can be accepted as an “American standard.” When dealing in areas 
where there may be differences of opinion as to philosophy and wholly 
inadequate factual material to support one side or the other it is ex- 
tremely impotrant that some sort of consensus be reached among the 
authorities in any area before a standard can be acceptable. 


DEVELOPMENT OF STANDARDS AND REGULATIONS 


The materials provided by these two groups (NCRP and ASA) are 
utilized by practically every regulatory body as a basis for their rules 
and regulations. The numbers in the Atomic Energy Commission 10 
CFR 20 are related specifically to Handbooks 59 and 69. Many of 
the States have also, either by reference or reproduction, included this 
basic material in their standards. 


I might say they have little choice, of course, because there are no 
other data available to them. 

The U.S. Public Health Service, whose program has already been 
presented to you, is rapidly expanding its activities in the field of radio- 
logical health and vastly increasing its training program in an attempt 
to fill a long-standing gap in the ranks of qualified individuals to work 
in the health and safety field in radiation protection, but has not been 
involved in regulatory work. 

Other Federal agencies such as the Department of Defense, the De- 
partment of Commerce, the Coast Guard, and the like, have set up 
rules and regulations which apply primarily to their own activities. 
These do not always impinge upon the public and certainly the public 
plays no part in the development of their regulations. 

Many of the States have undertaken the development of rules and 
regulations for the protection of both employees and the general pub- 
lic. In the State of Massachusetts, for example, the department of 
labor industries for several years have published rules and regulations 
covering ionizing radiation. They go back to 1945, I might say. The 
most recent is Industrial Bulletin No. 5. This regulation deals with 
such things as registration of sources, employee qualifications, maxi- 
mum permissible exposures, surveys, records, warning signs and labels, 
storage, medical examination, general exemptions, and penalty. It is 
significant that the numbers which are utilized in this regulation, in- 
cluding maximum permissible doses and maximum permissible concen- 
trations of radioactive materials as well as maximum permissible body 
burdens, all of which come from the NCRP work, are included in this 
regulation as appendexes. This is one of the primary objectives on 
the part of those who are attempting to obtain uniformity of regula- 
tion; namely, that these numbers, many of which are controversial 
and many of which cannot be supported by adequate evidence should 
be used as guides and, therefore, should be appended to and not part 
of the regulations. I use Massachusetts solely because of my intimate 
experience with the development of this set of rules and regulations 
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but would hasten to point out that other States are also involved in 
such regulatory work. 

At the State level there is a wide variety of approaches to the prob- 
lem of radiological safety. One of the reasons for this is because of 
the fact that authority for development of regulations and enforce- 
ment of such regulations may be divided among several departments 
and unless there is excellent cooperation among these departments, 
conflicting rules could be developed. In Massachusetts, at the pres- 
ent time, the department of labor and industries is responsible for 
all health and safety within industrial operations. Therefore, this 
department is responsible for rules and regulations relative to the 
industrial uses of radiation. On the other hand, the health depart- 
ment is responsible for the health and safety of all residents of the 
Commonwealth but leaves the industrial problem to the department 
of labor and industries. The health department, therefore, has re- 
sponsibility for radiation exposures involving medical installations, 
as well as waste disposal or air-pollution problems which can result 
from a release of material from industrial operations. There are 
many other departments within the State which have indicated their 
interest in this problem, but have few regulatory responsibilities. 

Another group of agencies involved in this network are those at 
the municipal level. These are departments primarily concerned with 
public safety, such as fire, police, public works, harbor, and so forth. 


APPLICATION OF STANDARDS AND REGULATIONS 


In addition to the official agencies such as those already named, 
there are other groups of people who are interested in this problem 
and are making their influence felt. These include the AFL-CIO 
Staff Committee on Atomic Energy which has a very definite program. 
This has already been presented in detail to this committee, I am sure. 
In addition to this, the National Industrial Council, made up of some 
38 State manufacturers’ associations, has a nuclear energy committee 
whose primary function is to develop information for their members 
and to make recommendations with regard to legislation of all tvnes. 
In addition, they report on the activities of pertinent State and Fed- 
eral regulatory bodies. 

While the background of all of the miscellaneous standards and 
regulations which have been mentioned is essentially the numbers 
provided by NCRP. the drafters of the many regulations take off 
from that point and develop specific sets of rules and regulations 
which apply to specific kinds of operations. In other cases such as 
State codes, the intent is to vrovide, first, a means of locating all 
radiation sources (this is usually done by requiring registration), and 
second, a series of specific areas in which rules of conduct are laid 
down. These areas are generally the kinds which T have mentioned 
in connection with the Massachusetts regulation. It is far more de- 
sirable from an operating standpoint to establish the basic outlines 
and broad scope of onerations in this tvpe of code or regulation rather 
than to make a specific attempt to delineate every individual step to 
be taken in compliance. Some of our codes and regulations have be- 
come so complicated that it is virtually impossible to understand and 
interpret them. 
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This brings me to another group of people who should be given 
some consideration in this problem of regulatory activities. These 
are the users of radiation who have taken upon themselves the re- 

onsibility for the protection of the health and safety of their em- 
alow rees and the public. In general, these can be set up in at least 
two categories. First are those involved primarily in the nuclear 
energy industry ; that is, those who are dealing almost entirely in 
radioactive materials or devices which produce radiation. This group 
is in the position of having competent personnel guiding their health 
and safety activities and, of cour se, always have the gr eatest potential 
for injury. 

The second and numerically much larger group of operators com- 
prises the small users of isotopes for one purpose or another who do 
not really become involved enough to warrant full-scale health physics 
or medical staffs but who, at the same time, may be exposing some of 
their employees to radiation, generally at relatively low levels. The 
managements of these operations do not have the skills or, in fact, the 
economic justification for full-scale health physics activities. They 
must depend upon consultant help or help from their State health or 
labor departments, the insurance carriers, or other sources of informa- 
tion on radiological safety. Because of their very number these small 
companies are the most difficult to follow. And yet they do constitute 
numerically a significant portion of our potential low level industrial 

radiation exposure. 

The Atomic Industrial Forum is an industry organization. It has 
a committee on standards which is sponsor of sever al of the American 
Standards Association committees, and in addition, has as an objec- 
tive an attempt to secure uniformity in codes, rules and regulations 
throughout the country. This group constitutes in part industry’ s 
representation in standards work. It should also be pointed out that 
there are some governmental and labor representatives involved in 
forum activities. 

It has been demonstrated repeatedly that, at the present time, our 
greatest radiation exposure to the population comes from medical ap- 
plications. The regulation of these exposures has been avoided to 
some degree for fear of offense to the medical profession. It has been 
stated, and with some justification, that certainly in the area of patient 
dosage the physician must make the necessary decisions in view of all 
medical facts. Equipment and techniques, however, must conform to 
good standards and certainly the medical profession should be con- 
stantly reminded of its responsibility to keep the population’s radia- 
tion exposure at an absolute minimum consistent with the medical 
necessity for utilizing the radiation. I should like to inject at this 
point my opinion that some means must be found to include significant 
medical radiation exposures in any consideration of maximum permis- 
sible dose. 

In summary, it can be stated that the organizations and groups 
working in the field of radiation protection standards and regulation 
fall into three major categories. 


FEDERAL 





AGENCIES 


Federal Radiation Council: You heard a detailed description of 
their activities this morning. There are a couple of points I would 
like to make which are not in my prepared statement. The FRC 
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seems to be moving somewhat in the direction of potential duplication 
or replacement of NCRP. I just don’t know how far they intend to 
go in this direction. I rather gather from the testimony that the 
people themselves do not really know how far they intend to go. A 
matter which is even more bothersome, however, particularly to the 
people who are three steps below the ivory tower, so to speak, who 
are living and working in this field, is the question of just how one 
would get through this maze of administrative setup if one wanted to 
protest or modify these guides. This is similar to some of the indus- 
trial setups which I have seen that make it difficult to get at the source 
of problems. 

The Federal Radiation Council has established some radiation 
levels. These are to be put in force by departments of the Govern- 
ment. If we assume that the Atomic Energy Commission, for ex- 
ample, publishes a section of 10 CFR 20, including the new guides 
recommended by the Federal Radiation Council, and someone wishes 
to object if they go to the Atomic Energy Commission, the Commis- 
sion can very truthfully say, “We did not develop these; they were 
recommended to us by the Federal Radiation Council.” One would 
assume that one must go to the President to get redress. I don’t see 
how we are going to get around the particular problem. 

Representative Hotirrerp. The point you are making is that there 
is no hearing process set up for those who might differ or want to 
protect a regulation. 

Dr. Wiiu1ams. That is right. 

Representative Horirreip. Does that apply when the regulations 
are implemented by the jurisdictional agency ? 

Dr. Wirx1aMs. Yes, sir. All changes of the AEC are put into the 
Federal Register and a period of time is allowed in which people can 
state their case. There have been instances where the AEC has in 
fact changed their original ideas after people have stated their cases. 

Representative Hontrrerp. I don’t think I made my question clear. 
The question is this: Even though the Federal Radiation Council 
should approve a regulation which comes, let us say, from the AEC, 
or from the Health, Education, and Welfare Department, the latter 
would be the implementing agency for the enforcement of that regu- 
lation. These agencies would therefore be subject to the Administra- 
tive Procedure Act, and that would be where a citizen would be 
entitled to a hearing? 

Dr. Wiii1aMs. No, this goes the other way around. The numbers 
T am talking about did not come from the AEC. They came from the 
Federal Radiation Council and the AEC is enforcing them. 

Representative Ho.trrevp. That is true, but when they enforce them 
in an AEC regulation, then the citizen’s day in court would be 
allowed ? 

Dr. Witu1AMs. To the AEC, but not to those who set it. 

Representative Horirrecp. But the fact that the AEC got the 
standards from the Federal Radiation Council which has no legal 
means of enforcing them, would make it a subterfuge if they used 
that as a device to exclude themselves from the responsibility of 
issuing the regulations under the protection of the Administrative 
Procedure Act. 

Dr. Wit1aMs. I still submit, however, that because of the way it 
was done, it would not necessarily have to be a subterfuge. ey 
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mM have been given a level to use, and they use it. When they are criti- 
to cized, they were not responsible for it. The people who were re- 
1e sponsible for it were the Federal Radiation Council, and, of course, 
A theoretically the President. The Atomic Energy Commission could 
he say that they did not set the standard. The standard was provided 
10 by the Federal Radiation Council. As I say, I merely see no way 
ne of overcoming this in the way the procedure is set up. 
to Representative Houtrrevp. This is certainly a point that ought to 
S- be studied by the committee. I would not knowingly approve of 
ce any agency of Government regulating any industry without giving 

that industry access to the Administrative Procedure Act and such 
on other relief as is customarily allowed under law. 
n- Dr. Wiiuiams. This may be possible. I could not see it from what 
x- I have read and heard. There may be an answer to this. I don’t 
les know what it is. 
1eS Mr. Ramey. Practically it is not such a problem now, is it, because 
is- what AEC has done is to take the NCRP recommendations and what 
re the Federal Radiation Council has done is to take the NCRP recom- 
ld mendations, and nobody has any appeal to the FRC. 
see Dr. Wu1aMs. I am arguing the point that there is a procedure 

at the present moment, and there would not be under the way this 
are was discussed this morning. 
to Representative Houiriep. I think you are right. 

Dr. Witu1aMs. This is my only point. 
Representative Hoxirievp. It is entirely possible that the Council 

ons could plead executive privilege because it is an adviser to the Presi- 


dent. In fact, it has done that when we tried to get some informa- 
the tion recently from it. 


“an Dr. Wittiams. My feeling is that the Council really should be a 
in higher level sort of operation. I would like to see them deal with 
ses, top policy and perhaps stay out of the details that we have to live 
“ar. with every day. 

veil Leaving the Federal Radiation Council, I would like to move to 
EC, the Atomic Energy Commission. You are going to hear from them 
ter shortly. Basically their jurisdiction is over their licenses, and con- 
ou- trol is exercised thivotigh the Division of Licensing and Regulation. 
tra- As is well known, there are many radiation sources in use today which 
be are not under this jurisdiction. 

As I indicated, the Public Health Service to date has not been in- 
ers volved in the regulatory area in the radiation field, and I don’t 
the know what the future holds for them. 

As far as the other regulatory groups are concerned, as I will indi- 
hem cate, I think they need a lot more support, particularly at the State 
| be level in doing their part of the job. As far as the non-Government 


groups are concerned, the National Committee on Radiation Protec- 
tion, the American Standards Association, and other standards groups 


the in the occupational health field, the American Industrial Hygiene 
egal Association—which has a series of hygienic guides which include some 
used radiation material—the ASME and other interested technical societies 
y of are all involved to some degree. 
tive It is essential that with conflicts in jurisdiction and broad overlap- 
i ping interests, problems of setting forth responsibilities for various 
. it phases of radiation protection must be resolved in order to avoid 
ey 
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confusion and to conserve much-needed radiological safety personnel. 

In my opinion, the States should be given far more responsibility in 
regulation and control of local radiation problems. Lack of compe- 
tent personnel is not a valid reason for restricting such activity. 

I consider that this isnot a reason. It isan excuse. 

Ways can be and must be found to solve this problem. Actuall 
there is a serious lack of such personnel even at the Federal lovth 
People must be recruited, trained, and placed where they will do the 
most effective job—whether in private industry or at the Federal, 
State, or municipal level. 

The most useful functions at the Federal level would be accumu- 
lating basic data; providing support for needed basic research; as 
well as providing for training for health and safety personnel. They 
must also include dealing with interstate problems in air pollution, 
waste disposal, and transportation. 

In my opinion, the NCRP should continue as an independent body 
its excellent work of accumulating and evaluating all available data 
relating to maximum permissible doses. It would be more effective, 
however, if its activities were restricted to its original area, leaving 
such things as legislative problems to those more competent in the field 
of law. 

Activities, such as those carried on by ASA, ATHA, ASME, and so 
forth, should be encouraged and their work expedited to assist industry 
in maintaining safe operations in the radiation field. 

There is far more work to be done than there are people to do it and 
so in the best interests of all, there should be no attempt made by any 
group to take over the entire problem. Every available person and 
group is needed. 

Representative Hoxrrretp. I notice in your concluding page you 
say: 

In my opinion the NCRP should continue as an independent body. 


Dr. WiiuiAMs. Yes, sir. 

Representative Houirrevp. Is there any thought in your mind that 
it is not going to continue. It is completely unofficial. It is a volun- 
tary association of scientists. Is there any reason in the world why 
they should not continue and develop the same type of recommenda- 
tions ¢ 

Dr. Witu1aMs. This is just a recommendation in case someone had 
other ideas. I heard some things this morning that shook me a little, 
if I may say so. 

Representative Hoiirretp. You don’t mean to say that you think 
that the Federal Radiation Council is going to develop its own corps 
of experts which will in effect function as the NCRP does. 

Dr. Witur1AMs. I certainly hope not. 

Representative Houirretp. With one man, I could hardly see how 
they could. 

Mr. Ramey. There was testimony from Mr. Taylor yesterday, 
however, that the NCRP had the problem of whether or not it was 
an independent agency or a governmental agency. They have the 
problem of conflicts of interests with the governmental members of 
the NCRP. A good deal of their actual funds come from the National 
Bureau of Standards. I think there may be a real problem. 
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Dr. Wru1AMs. I think it isa problem that needs looking into. 

Representative Hosmer. Isn’t there also a problem if the NCRP and 
the Federal Council should disagree on any substantial number of 
criteria, probably one or the other will eventually go under? 

Dr. Wixx1AMs. Someone is going to have to give, that is right. 

Representative Hosmer. In recommending that the NCRP should 
continue, and since it does in essence do the same thing as the Federal 
Council, why do you say that there should be both ? 

Dr. Witu1Ams. My statement about the Federal Council was that 
I felt that they should adhere to high policy matters. I think that 
we have a long way to go, as these hearings have shown to date. 
Even such a simple matter as deciding what the fundamentals are on 
which we base our standards. 

Representative Hosmer. You would not say that this report No. 1 
sticks to high policy matters, would you ? 

Dr. Wriu1aMs. No, I am saying I wish they would. They went far- 
ther than they should have, in my opinion. 

Representative Houirrecp. Your fear is that they will set themselves 
up as experts in this field by the utilization of consultants and thereby 
parallel the work of the NCRP and eventually supersede, because of 
their statutory position, the important work which the NCRP has 
done in the past. 

Dr. Witu1aMs. That is right. This, I hope, does not happen. 

Mr. Ramey. What do you think their role should be? 

Dr. Wiit1ams. As I have just said, I think they should be a policy- 
making body. They area very high ranking Government officia) body. 
They are the kind of people who should be making the kinds of deci- 
sions we have been worrying about for the past day or so as to what 
kind of a risk we take in radiation exposure. 

Mr. Ramey. Do you think they need a staff of consultants that are 
economists, social scientists, and go beyond the strict technical ap- 
proach that the NCRP has taken ? 

Dr. Witu1AMs. There is no question about it. 

Mr. Ramey. Do you think they ought to have public members on 
the Federal Radiation Council ? 

Dr. WitttaMs. I think the public has a bigger interest than any- 
body else in this. They certainly should be represented. 

Mr. Ramey. As we have indicated earlier in setting up the statute 
on the Federal Radiation Council, Senator Anderson, Mr. Holifield, 
and others put in language that would permit the President to appoint 
public members, but that has not happened. 

Dr. Wiit1AMs. Yes, sir. 

Xepresentative HorirreLp. What is the American Standards Asso- 
ciation’s relation to the Federal Radiation Council? 

Dr. Wititams. What are they now? 

Representative Hoitrretp. Yes. 

Dr. Witi1Ams. They have none now that I know of. 

Mr. Ramey. Have they consulted you at all on standards? 

Dr. Wiiu1aMs. Not that I know of. Iam not an official of the Amer- 
= Standards Association so I would not necessarily know if they 
rad. 

Representative Hottrtetp. I think you have brought up an im- 
portant problem and something that we will have to look at. Senator 
Anderson, Dr. Williams has just brought up the problem which seems 
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quite serious in that he points out that the Federal Radiation Council 
can promulgate regulations which would be implemented by the AEC 
or the HEW, and it would be possible for industry or someone that 
wanted to protest to go to one of the agencies and the agency could 
merely say that the Federal Radiation Council had furnished them 
with this material, and then when they went to the Federal Radiation 
Council they find there is no provision in law whereby the Council 
would give them their day in court under the Administrative Proce- 
dure Act, or such other rights as are usually given in the case of regu- 
latory bodies. I am sure that the committee never contemplated such 
a situation as this, especially in view of the fact that the Council has 
recently claimed executive privileges in reply to one of the questions 
this committee directed to it. 

Senator Anperson. Yes. It certainly was not the way we thought 
the law would work out. Maybe it is something that we need to study 
ourselves and see if we can’t improve the situation legislatively. 

Representative Hosmer. Actually if a person is aggrieved by a 
regulation of the Atomic Energy Commission, he could go through 
the Administrative Procedure Act and when the decision came up, I 
would hardly think that the AEC statement that it was following out 
the Radiation Council’s guides would be a defense. That is an issue 
there. If the aggrieved person had a legitimate complaint, whoever 
was hearing the case would be able to negate the AEC regulation. 

Dr. Witi1ams. As I understand it, from what I heard this morn- 
ing, this is not really an AEC regulation. 

Representative Hosmer. My understanding is that this is a guide 
for the regulations which are made by the various departments and 
agencies of the Government, both for their internal conduct and for 
public observance. As a consequence, although the guide comes from 
the Radiation Council, the actual regulation comes from the Depart- 
ment or agency. It must stand on its own. It is only a matter of 
evidence that it is a reasonable regulation, the fact that it was carry- 
ing out the guide. 

Representative Horirietp. That is the point I was trying to make 
before, but Dr. Williams apparently is not satisfied what the pro- 
testant could avail himself of relief procedures. 

Dr. Wiru1aMs. That is unclear. I think it should be resolved. The 
way may be open. From what I heard this morning, however, I 
cannot see that path. 

Representative Hotirretp. Are there any further questions of Dr. 
Williams? If not, thank you, sir. 

Senator Anperson. Would it not be possible, Mr. Holifield, for us 
to make some inquiry as to whether the way is actually open for any 
recommendation ¢ 

Representative Hortrm.p. I think that is a matter that we can 
take up properly with the AEC. 

Representative Hosmer. The Attorney General is the one to take 
it up with. 

(The following charts were submitted by Dr. Williams :) 
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Representative Hoxirrerp. The next witness is Mr. William F. 
Finan, Assistant General Manager for Regulation and Safety, Atomic 
Energy Commission. 


It looks as though you have come at an opportune time. 


STATEMENT OF WILLIAM F. FINAN,’ ASSISTANT GENERAL MAN- 
AGER FOR REGULATION AND SAFETY, ACCOMPANIED BY ROB- 
ERT LOWENSTEIN, OFFICE OF THE GENERAL COUNSEL, AND 
DR. NATHAN H. WOODRUFF, DIRECTOR, OFFICE OF HEALTH AND 
SAFETY, ATOMIC ENERGY COMMISSION 


Mr. Finan. I believe so. 

I have a prepared statement but, with the committee’s permission, 
I would like to make a few comments on the issue that has just come 
up because I think it is evidently in need of some clarification. 

Representative Hotrrretp. We just happen to have time for you to 
do that. You may proceed. 

Mr. Frxan. With your permission, Mr. Chairman, before starting 
on my prepared statement, I would like to briefly discuss this issue 
of the position which the Atomic Energy Commission could find itself 
in in the event that an issue was raised about the standards set in any 
of our regulations and the extent to which the Commission could be 
held responsible for those standards or, alternatively, be in a position 
to argue that its hands were tied, that there was something in the 
cuides established by the President on the advice of the Federal Radia- 
tion Council that makes it impossible for the Commission to exercise 
discretion. 

To begin with, and as I think was brought out this morning, the 
instructions that have been issued by the President on the basis of the 
advice of the Council are not regulatory in character. They are 
guides. They are, in essence, let us say, Presidential instructions. 
Even more important, I believe, in terms of the issue that just came up, 
is the definition that is contained in the guides. The term “radiation 
protection guides” is defined as meaning— 


the radiation dose which should not be exceeded without careful consideration 
of the reasons for doing so. Every effort should be made to encourage the 
maintenance of radiation doses as far below this guide as practicable. 


The effect of this definition on the AEC would be to emphasize the 
responsibility the Commission has for the exercise of discretion in 
establishing its own regulations. 

It would be my judgment that in the face of this definition, the AEC 
would find it even more difficult to escape responsibility for its deci- 
sions on its regulations than it would be in the absence of this guide. 

Senator Anperson. Is that the point that Dr. Williams made? Did 


1 Born in Memphis, Tenn., on Feb. 11, 1913. He attended the Arkansas Law School in 
1935-36. 

Mr. Finan has held progressively responsible State positions in Arkansas, including sec- 
retary, department of public utilities, and acting State personnel director, 1933-89 ; admin- 
istrative consultant, Public Administration Service, 1939-40 and 1941-42: organization 
and procedures assignments with Bureau of the Budget, 1940-41 and 1942-43: U.S. Army, 
1943-45: Department of State, 1945-46; progressively responsible positions in Bureau of 
Budget, 1946-50. He was an Assistant Director of the Bureau of the Budget from 1950 
until assuming his position as Assistant General Manager for Regulation and Safety of 
the Atomic Energy Commission in December 1959. 

He is a member of the American Society for Public Administration and the International 
Institute of Administrative Sciences, 
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he not say that people who wanted to protest had no place to go with 
their protest ? 

Mr. Finan. Yes, sir. Their protest in the case of the Atomic En- 
ergy Commission would be to the Commission and the Commission 
would have no basis whatever for claiming that it had no discretion 
to act on those protests. As you know, Mr. Chairman, our regula- 
tions are handled completely under the Administrative Procedure 
Act. They are all given widespread publicity prior to Commission 
action. We solicit public comments. Those comments, of course, must 
be taken into consideration before final Commission action. 

Senator AnprErson. Let us see if we can go back to what the Presi- 
dent approved on May 13. You probably have copies of it there. I 
am looking at item 7, which is just the third or fourth paragraph 
from the end of the guide. It says: 

The Federal agency should apply these protection guides with judgment and 
discretion. 

The last sentence reads: 

The guides may be exceeded only after the Federal agency having jurisdic- 
tion over the matter has carefully considered the reason for doing so in the light 
of the recommendations of this paper. 

That says that nobody is going to get out of following this guide 
except at peril to himself unless he can give an awfully good reason. 
The same peril that put him in office can take him out. 

Would you not think that they would follow the guide pretty well 
without paying too much attention to the protests under this pro- 
cedure ? 

Mr. Finan. I would frankly doubt that the Commission would be 
any more severely restricted by reason of the existence of these guides, 
certainly from a legal point of view, than they have been restricted in 
the absence of them. 

The Commission, as a very practical matter, has been confronted 
with somewhat the same problem by reason of the existence of the 
recommendations of the NCRP notwithstanding the fact that the 
NCRP is a private body. It is recognized as being highly authori- 
tative. 

The Commission would be presumed to be setting standards that 
might result in excessive radiation hazards if it permitted routine 
exposures that were significantly in excess of those recommended by 
the NCRP. 

I would think that the same thing would be true here. There would 
be numerous public questions and perhaps inquiry by this committee 
if the Commission published a regulation that obviously, on its face, 
would permit exposures significantly in excess of those recommended 
in these guides. This would be a very legitimate question and the 
burden of proof would be on us to convince someone that the exposure 
was required and that the public benefits that were derived as a 
result of it were so great as to warrant the additional hazard that 
resulted from that exposure. 

Senator Anverson. The point I was trying to make is that it does 
not restrict what AEC is doing. It restricts the power of anybody 
to protest if it does not like what AEC has done. It says here that 
the radiation protection guides provide a general framework for the 
radiation protection requirements. It is expected that each Federal 
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agency by virtue of its immediate knowledge of its operation will 
use these guides as a basis upon which to develop, and so forth, and 
so forth. They just took these guides, lock, stock, and barrel. They 
never gave anybody a chance to protest or argue about them. If they 
are used as a basis, what chance does the individual have to protest? 

That was the question raised by Dr. Williams, as I understand it. 
How do you answer that? 

Mr. Finan. Mr. Chairman, the protest both before and after the 
issuance of these guides would be to the Atomic ae Commission. 
They are just as responsible today for the exercise of judgment and 
discretion as they were prior to the issuance of the guides. Indeed, 
I think that we would want to contend that we are now in a position 
to exercise more discretion and, therefore, to be held accountable to 
a greater extent because of the emphasis that is placed throughout 
this paper, including the recommendations that were approved by the 
President, on flexibility, including flexibility to exceed these numbers 
that appear in one of the recommendations as well as a strong sug- 

estion that we do everything we can to get regulations that will pro- 
uce exposures at lower levels. 

Senator Anperson. You keep saying they are able to use discre- 
tion. 

My question was, To what degree did they use discretion? Did 
they not take the guides, lock, stock, and barrel, and turn them out 
without any kind of hearing? 

Mr. Finan. There was no public hearing; that is certainly true. 

Senator ANDrerson. Could you not answer that question “Yes” or 
“No”? Did they not take them, lock, stock, and barrel, and issue 
them without any hearing of any kind? 

Mr. Frvan. If I must give a “Yes” or “No” answer, the nearest 
answer to that would be “Yes.” They are almost lock, stock, and 
barrel, and there was no public hearing. 

Senator Anperson. That is right. So, how much discretion did 
they exercise? To swallow or not to swallow? 

Mr. Finan. If I may say so, sir, that is a different question. I 
think the members of the Council, if they were here, would argue that 
they used a great deal of discretion and a good deal of prayerful 
consideration. 

Mr. Ramey. Under this language of item 7 of the “Federal Ra- 
diation Guide,” do you think that the Commission would have to 
make findings, if it did not follow the guide, that it had carefully 
considered the reasons for exceeding the guide as set forth, so that 
you would have a record of what you had done? 

Mr. Finan. Mr. Ramey, I do not believe that there is any legal 
constraint laid on the Commission to do that. 

I would certainly say that a practical situation has been created in 
which it would be the better part of wisdom for the Commission to 
make some public explanation of why it found it necessary to permit 
radiation exposures in excess of those recommended in these guides. 

Senator Anperson. You do not think they would have to issue any 
findings as to why. This was issued by Mr. Flemming. It is approved 
by the President. It says that the guides may be exceeded only after 
the Federal agency having jurisdition has carefully considered the 

584546010 
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reason for doing so in light of the recommendations of this paper. 
Does that not mean that they have to make some showing that they 
carefully considered it ? 

Mr. Frnan. Only as a matter of commonsense and good public ad- 
ministration. I do not think they would be under any statutory re- 
straint to do so. 

The practical situation, I believe, Mr. Chairman, would be that if 
we found that in order to permit a particular application of atomic 
energy to be made, we were going to have to issue regulations, let us 
say, to permit the personnel working around this particular machine 
or whatever it might be to routinely receive radiation exposures that 
were substantially in excess of these guides—a meaningful, signficant 
difference—it is quite likely that the very first move of the Commission 
would be to go back to the Radiation Council with the issue of 
whether the guides were out of line and needed adjustment. That 
would probably be the first step. 

If it was found not desirable to make a change in the general guides, 
and the Commission neverthless felt obliged to proceed with the regu- 
lation permitting these higher levels of exposure, if the Commission 
made the kind of careful judgment and felt that it was in the public in- 
terest to permit the exposure which would permit this application of 
this great resource, which otherwise could not be made, then the Com- 
mission would proceed to do it. There is not any doubt but what they 
would proceed to do it. 

Representative Hosmer. As a matter of fact, in practice here or any 
place else, the most applicable rule is that you take the most con- 
servative course of action so far as risk is concerned. Then it is the 
special situation to which you direct your attention as to whether that 
most conservative course can be waived. So, as a consequence, you 
would issue your regulations in a blanket fashion in accordance with 
the guidance of the Council on a most conservative course, and then 
when there were instances of necessity to depart from that, let those 
who wished to depart, come in, exercise your discretion under section 
7, and if you fail as the AEC to exercise that discretion, then the 
person still has the opportunity of taking the administrative pro- 
cedure route. 

Mr. Finan. That is correct. 

Representative Hosmer. So as a consequence, approaching it from 
this angle, we do not have to plow up a lot of rows that do not need 
plowing up. We only plow into situations where there is a question 
of the acceptance of a little greater risk and then you resolve how 
much. 

Mr. Finan. That is correct. Yes, sir. 

Representative Hortrrep. May I ask you this: Is it your contem- 
plation or the contemplation of the AEC that the Federal Radiation 
Council will evolve standards as guides, transmit them to the various 
agencies of the Government, without being subject to any kind of 
formal protest, and then once having done that, that could be used 
as a Salman by the agency, such as AEC or other agencies of the 


Government, for not going behind the level which the standard might 
set ? 
Let me give you a specific case. 
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Let us assume that there was an a level of exposure approved by 
the Radiation Council for men working in uranium mines. Let us 
assume that after the Federal Radiation Council had set this guide 
that it should not be more than « amount, that you would follow 
that, and the AEC would set up a regulation. At that point this 
might be considered either high or low by either the mineowners or 
by the miners organizations. One might take one side and one might 
take the other. 

At that point, when the protest came in under an ordinary regula- 
tion, they would have to avail themselves of the Administrative 
Procedure Act, would they not ? 

Mr. Finan. Yes, sir. 

Representative Hortrretp. Would they be able to avail themselves 
of the Administrative Procedure Act in this instance? 

Mr. Finan. There is no doubt about it. 

Representative Horirretp. Would the evidence which is allowed 
in an administrative hearing procedure, which is sharply limited by 
the hearing examiner, in some instances on the basis of administra- 
tive judgment, be considered as a limitation on the presentation of 
evidence on its merits ? 

Mr. Finan. I am going to ask you, Mr. Holifield, to let me ask 
Mr. Lowenstein to answer that question. You are getting out of my 
depth into a legal issue here. I will answer it if you want a layman’s 
ocelink but I think you also want Mr. Lowenstein’s answer. 

Mr. Lowensrern. Mr. Holifield, I think there were two steps in 
the situation you presented. 

First you suggested, sir, that the guides recommended by the Fed- 
eral Radiation Council would be given to the AEC and adopted by 
the AEC as rules. 

Representative Horirretp. Given or approved. The AEC might 
have sent them up to the Federal Radiation Council. They may 
have initiated the case. In any event, the Federal Radiation Coun- 
cil would approve and the AEC would proceed to put out a regulation 
on it. 

Mr. Lowenstern. That is right, sir. At that stage, operating un- 
der the Administrative Procedure Act in carrying out its rulemaking 
responsibility, the Atomic Energy Commission has a responsibility to 
find that the rules which it issues are reasonable, onl to consider 
public comments with respect to those proposed rules before they are 
made effective. 

Senator Anperson. Did it do that or did it take it lock, stock, and 
barrel, and issue it? 

Mr. Lowenste1n. The Commission has not yet acted with respect 
to the issuance of rules based upon recommendations of the Federal 
Radiation Council. 

Senator Anperson. They took the standards, did they not? 

Mr. Lowenstern. If I may, sir, about a year ago the Commission 
issued proposed amendments to the radiation standards regulations, 
part 20. These incorporated for public comment recommendations 
which had been made by the National Committee on Radiation Pro- 
tection. The comments, and they have been voluminous, have been 
considered and worked on during the past year and discussed with 
various groups. It happens that recently the Federal Radiation Coun- 


RADIATION PROTECTION 


cil issued these guides which are essentially the same as the previous use 
NCRP recommendations, and essentially the same as the proposed 
standards which the Atomic Energy Commission issued for public 
comment a year ago. I am not aware of any significance among them. 
So we really are dealing here with three sets of roposed rules, if you 
will, three sets of proposed standards, all of which are substantially 
the same. 

The Atomic Energy Commission will be considering these during 
the next few weeks for adoption. The Commission is making every 
effort here to act on the basis and in the light of public comment and 
its agency experience under the Administrative Procedure Act. 

Senator Anperson. If the AEC decided to go beyond the limits that 
are involved in the rules from the Radiation Council, what would it 
have todo? What would it have to find? 

Mr. Lowenstern. It seems to me, sir, that if the Atomic Energy 
Commission were to issue rules which a anate from generally accepted 
norms in this area, whether these come from the NCRP or the Federal 
Radiation Council, the Commission would need to make findings as 
to the reasonable basis for that departure. 

Senator Anprerson. Is that what the regulations say that were issued 
by Mr. Flemming and signed by the President? It says these guides 
may be exceeded only after the Federal agency having jurisdiction over 
the matter has carefully considered the reason for doing so in light of 
the recommendations of that paper. They have to find something 
wrong with the guide before they can change it, and they might not be 
able to prove it. They might only suspect it was too high. We do not 
have too many definite findings on radiations. We have suspicions. 

Mr. Finan. May I say something in response to that question, Mr. 
Chairman? The Commission would not have to find that there was 
anything wrong with the guide. To try to put it as simply as I can, 
this guide says these are numerical values for exposure. If you use 
them in your engineered exposure standards there is a very strong pre- 
sumption, because they were very conservatively developed, that they 
are reasonably safe. But then they go on to say but since we do not 
know nearly as much about the biological effects of radiation as we 
would like to and because there is a presumption that any amount could 
have an effect, and it could be a bad effect, if you can possibly do it, 
operate in a way that produces lower exposures than are in these 
guides. If, on the other hand, the following of these guides would 
require you to forego some highly beneficial application of radiation, 
then you should use your judgment, and if, in your judgment, the bene- 
fits outweigh the hazards involved, then go right ahead and set an ex- 
posure level that is in excess of these guides. 

It would be really hard to find a better way to tell us to be responsi- 
ble and use discretion and judgment and get some flexibility into our 
regulations which, because of some misunderstanding of what the 
NCRP and the ICRP have meant in the past, have tended slowly as 
a practical matter to disappear. People elven ery are saying, the 
maximum permissible exposure should not be exceeded for 2 seconds 
under any circumstances. This, as I understand it, is the last thing 
that any of the scientists who formulated these recommendations ever 
intended. 
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Our Chairman as you well know, is a member of the Council, and 
I can assure you that if he thought that recommendations were being 
made to the President that would impair the discretion and impair the 
Commission in the discharge of its statutory regulatory functions, the 
chairman would never have joined in making these recommendations 
to the President. 

Our feeling is that they should have and we hope they will have just 
the opposite effect. 

Representative Hosmer. Getting back to Mr. Holifield’s hypotheti- 
cal situation, if the operator of the mine comes in complaining about 
a regulaiton, saying it is too conservative, the AEC quotes the Radia- 
tion Council standards and then the burden of the proof is on the mine 
operator to show that the AEC has acted unreasonably and it should 
be higher. 

If the mine union comes in, on the other hand, and says that this is 
too low, you quote the Radiation Council guide and it is up to the 
mine union to assume the burden of proof that the AEC regulation 
is unreasonably low. 

It really revolves down to a burden of proof situation, does it not? 

Mr. Frxan. I would stress that that is so as a practical matter and 
not as a strictly legal matter ; yes, sir. 

Representative Hontrretp. Do you know what this reminds me of? 
This reminds me of the Soviet proposal that we have no bomb tests 
above the 4.75 registered on the seismograph, and then we have none 
below that. That means you have no bomb tests with inspection. 

_You say here that these are guides within which you can use your 
discretion. Somewhere in between the maximum and the minimum 
you exercise your discretion unless you find out that you want to go 
beyond the maximum of the guide and then you exercise your discre- 
tion over and above the guide. 

Mr. Finan. A little more discretion, Mr. Holifield. 

tepresentative Hosmer. I think, really, when you come down to it, 
there must be recognition that there are atypical situations and in such 
atypical situations the general rule must be altered. 

There is an injunction here that permits the alteration only after 
careful consideration of the reasons for doing so in the light of the 
guides. 

_Representative Hottrreip. Of course, we never get back to the pre- 
vious situation which I was worried about, which was, How does the 
aggrieved party get the regular processes of the Administrative Pro- 
cedure Act to protest against the broad gaged guide which is set up 
by the FRC? tr 

Mr. Finan. There are, as you know, Mr. Holifield, a wide variety 
of processes that an aggrieved individual or organization or a person 
who thinks he is aggrieved can follow. 

Representative Hoxrrretp. Not before an agency of the executive 
department that is an adviser of the President. Would you like to 
have a letter read to you? I have one that I think would be very 
nice to read to you. 

This is under date of November 18. It is to Mr. Ramey, and it is 
from Donald R. Chadwick, Secretary of FRC. It says: 

You may recall in our recent telephone conversation that I indicated I would 


drop you a note when I had a relatively permanent address in the Executive 
Office Building in order that you might place me on your mailing list to specific 
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publications of the Joint Committee. At that time we also discussed your re- 
ceiving reports issued by the FRC. It is not anticipated at this present time 
that such reports will be the usual mode of operation of the Council. According 
to Public Law 86-373, the function of the Council is to advise the President. 
The President feels that it is essential to effective administration that employees 
of the executive branch be in a position to be fully candid in advising with 
each other on official matters— 


It seems like I heard this before somewhere— 


and that the broadest range of individual opinions and advice be available in 
the formulation of decisions and policy. Likewise those who have the responsi- 
bility for making decisions must be able to act with the knowledge that a de- 
cision or action will be judged on its merits and not on whether it happened 
to conform to or differ from the opinions or advice of subordinates. 


In this case the AEC will be the subordinate. 


Accordingly, the President is of the opinion that disclosure of conversations, 
communications, or documents embodying or concerning such opinions or advice 
would tend to impair or inhibit the essential reporting and decisionmaking 
processes. Such disclosure has, therefore, been forbidden in advance as con- 
trary to the national interest where that was deemed necessary for the orderly 
operation of the executive branch. I find this is still the rule so documents of 
that character I am forbidden to give you. I hope, however, there will be 
factual material we can exchange to the benefit of both of us. 

Sincerely yours. 

Mr. Frvan. Mr. Chairman, if you had raised this issue with me 
6 or 7 months ago, when I was still with the Bureau of the Budget, 
I suppose I would have felt constrained to comment, but it seems under 
the existing circumstances perhaps I should not. 

Representative Horirretp. You see the position this committee is 
in when we want to get some information from the Federal Radiation 
Council. This is the kind of letter we get. This may have to do 
with how the Federal Radiation Council adopts a maximum level in 
a particular situation as a guide. 

It is true that is a preliminary step. It is a guide that comes to 
you, but unless the AEC has the duty to sustain any regulation or 
rule which it makes either within this guide, or above this guide on 
its own discretion, and unless that is subject to industry challenge 
and organized orderly procedures of protest and examination, then 
we can see an area here which would be sacrosanct from investigation, 
both by this congressional committee and by industry at large. 

Mr. Finan. I think, Mr. Holifield, about the only comment I can 
make to that is that it is our judgment that working under the present 
arrangement we should be able to be a more clearly responsible regu- 
latory, agency than we would have been in the absence of this arrange- 
ment. It can turn out that problems that we do not anticipate along 
the lines of the ones you have described will develop. 

I think if we do, you will find us among the first to identify them 
and to initiate action that is aimed at their correction. 

But I think I can assure you with all the assurance in the world 
that the Atomic Energy Commission, in discharging its statutory 
regulatory functions, and for that matter in the operation of its own 
enterprises, is not going to attempt to hide behind the Federal Radia- 
tion Council or the President and contend that it cannot be held re- 
sponsible because it lacked discretion and that it lacked discretion. 

I think I will just have to plead with you to see how this arrange- 
ment works. Weare hopeful about it. 
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You seem to be a little worried. Let us see how it works a little 
while. 

Representative Honirtetp. Shall we let it just settle now and have 
you proceed with your statement ? 

Mr. Finan. All right, sir. 

Mr. Chairman, we are here today to present the first part of the 
Atomic Energy Commission’s testimony on organizational and re- 
lated matters during the Joint Committee’s 1960 hearings on the basis 
and use of radiation protection standards. Chairman “McCone, who 
is scheduled to appear before you on June 2, is expected to discuss 
these matters in an evaluative way, and to touch upon some of the 
policy issues involved. Today our discussion of some of the organ- 
izational arrangements for radiation protection of particular concern 
to the Atomic Ener gy Commission will be largely descriptive and will 
yrovide part of the ‘background for the Chairman’s testimony later. 

Ve shall also discuss very briefly the present situation with respect 
to the Commission’s review of part 20 of its regulations, “Standards 
for Protection Against Radiation.” 

The impact of radiation standards on the Atomic Energy Commis- 
sion is all pervasive in that every major activity of the Commission 
is concerned with the production or use of radiation or the handling of 

radioactive materials. There is no application of nuclear energy 
which is not accompanied by the production or use of radiation or of 
radioactive materials. In most uses, some exposure of personnel to 
radiation is necessarily involved. 

The Commission has a direct obligation in connection with its own 
operations for the protection of the worker and the public against ex- 
cessive exposure to radiation. In addition, under the Atomic Ener gy 
Act as amended in 1954, the Commission is responsible for regulating 
the use by others of certain radioactive materials to protect the public 
health and safety. 

The nature of the Commission’s s functions has required it to provide 
itself with knowledge and competence in the field of radiation pro- 
tection. The knowledg the AEC 
have in turn placed upon it a further obligation to increase and dis- 
seminate this knowledge to the greatest practicable extent—through 
research, education and training, and by consultation. 

Many years before the Atomic Energy ‘Commission was established, 
the recommendations of the organization now known as the National 
Committee on Radiation Protection had come to be accepted in the 
United States as the most authoritative guides in this field. The AEC 
has not only taken full advantage of those guides, but has sought, by 
the various means available to it, to expand our knowledge of the 
effects of radiation and of the behavior of radioactive materials in 
the body to enable the NCRP and other groups to assist in meeting 
new and developing needs. Our efforts have included extensive studies 
of the biological effects of exposure to radiations from various sources 
and assistance to the NCRP in the application of the results of such 
studies to problems of radiation protection. We believe it is fair 
to say that, directly or indirectly, the Atomic Energy Commission 
has, since its establishment, supported a large part of the work under- 
lying many of the sociamesigabiane of the NCRP, and of the cor- 
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responding international organization, the International Commission 
on Radiological Protection. 

In view of the fact that the AEC has not only contributed to the 
effort of the NCRP but has depended heavily upon the NCRP for the 
advice upon which the basic policy of the AEC on radiation protection 
has rested, it is desirable to discuss in greater detail the relationships 
which have existed between the two. The recommendations of the 
NCRP are made by its main committee, now consisting of 45 persons 
of whom 8 are designated representatives of governmental agencies 
(including the Dep: urtment of Defense), approximately 25 are desig- 
nated representatives of professional or other nongovernmental organ- 
izations, 4 are members at large, and the remainder are members ex 
officio by virtue of their respective positions as chairmen of technical 
subcommittees. Although only 2 of the 45 members of the committee 
are designated by the Atomic E nergy Commission, at least 17 have 

at one time or another been employ ed by the Atomic Energy Commis- 
sion or by AEC contractors. 

The detailed technical work of the NCRP is done by 18 subcommit- 
tees involving more than 100 aditional persons. Here, also, many of 
the chairmen and members have at one time or another been associated 
with the AKC or with one of its contractors. 

The recommendations of the NCRP have included quantitative 
limits on the exposure to radiation of the whole body, or of specified 
portions of the body. The NCRP has also made general suggestions 
as to how exposures to radiation may be controlled or minimized. 
The recommended radiation dose limits are basic to the control of 
radiation hazard. The recommended methods for assuring that actual 
exposures will be kept within recommended limits are intended to be 
of assistance in the solution of accompanying administrative and 
economic problems. 

The nature of radiation hazards as presently understood does, 
however, present some complicated problems in achieving the 
optimum administration of a radiation protection program. It is 
generally assumed that, at the levels of radiation exposure of interest 
in routine activities, the hazards are very small but are never zero. 

It is also assumed that the hazards increase with the total amount 
of exposure accumulated over a long period of years or over a lifetime. 
For these reasons, the NCRP, in addition to recommending limits on 
the exposure which may be received in specified periods of time, has 
recommended that exposures should be kept as low as practicable. It 
is always at least theoretically possible to achieve some further reduc- 
tion in exposure by the expenditure of greater effort. Consequently 
such a recommendation implies that, in setting a level of exposure, a 
determination will be made that the level is one at which any further 
reduction in hazard would not be worth the cost of the effort which 
would be required to bring about the radiation. This approach, while 
quite appropriate for the purposes of the NCRP, leads to difficulties 
for the Government agencies responsible for the formulation and 
administration of radiation standards. 

On the one hand, the NCRP recommendation could be interpreted 
to permit larger exposures to the employees working around an experi- 
mental reactor than to those operating a standardized power reactor. 
On the other hand, if the recommendation should be coupled with the 
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policy that no one atomic energy worker should be exposed to a greater 
radiation hazard than another, one would be faced with a dilemma in 
the shape of a limit which would be either unattainable for some 
applications or unnecessarily high for others. 

To understand how radiation standards are used by the Atomic 
Energy Commission, it is necessary to distinguish between two broad 
classes of activities: (1) The operation by the Commission of AEC 
facilities, and (2) the regulation by the Commission of the uses of 
nuclear materials and radioactive byproduct materials by others. 

Since 1947 the Commission has been directly responsible for the 
operation of a complex of nuclear energy facilities which includes 
the production and processing of nuclear and radioactive materials, 
the experimental development of nuclear reactors and chemical proc- 
esses, and research in most of the physical and biological sciences. In 
the operation of each of these facilities, it is necessary for the Commis- 
sion to assure itself that there is due regard for the health and welfare 
of individual workers and of the general public. 

Since 1954 the Commission has been authorized by the Atomic 
Energy Act to license the use of nuclear and radioactive byproduct 
materials by qualified applicants, pursuant to such safety standards as 
are established by rule of the Commission to protect health and to 
minimize danger to life or property. To meet those objectives, the 
Commission has established a well-defined regulatory program, gov- 
erning the use of specified fissionable and radioactive materials, inde- 
pendent of the Commission’s operational program at all administrative 
levels below the General Manager. 

Both the operational program and the regulatory program of the 
Commission have used the basic recommendations of the NCRP as 
guides to the control of radiation hazards. A detailed discussion of 
the application of NCRP recommendations to Commission activities 
is given on pages 505-517 of the Joint Committee’s print of “Selected 
Materials on Radiation Protection Criteria and Standards,” May 1960; 
and their application to the regulatory program is discussed on pages 
518-532 of the committee print. While both programs have been 
based upon the recommendations of the NCRP, a principal difference 
between the application of these recommendations to the two pro- 
grams should be pointed out: 

Because the AEC has direct and continuing contractual control of 
its own operations, it is possible to place upon the technical staff of 
the contractor a considerable amount of responsibility for the selection 
of means by which specified objections of the radiation protection pro- 
gram are to be met. Those means are subject to continuous modifica- 
tion in the light of experience. On the other hand, the controls appli- 
cable to licensed operations are— 

(a) The Commission’s regulations contained in the Code of 
Federal Regulations, which must be equally applicable to a great 
diversity of conditions, and 

(6) Special provisions which may be incorporated in the terms 
of particular licenses. 

Thus, the Commission applies radiation protection standards to its 
licensees in a manner which results in requirements on the licensees 
which tend to be more detailed and less flexible than are those applied 
to the Commission’s own facilities. The Commission’s requirements 
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on licensees do not, however, require them to provide a higher degree 

of radiation protection than is achieved in the Commission’s contrac- 

tor-operated facilities. The point is that certain rigidities are neces- 
sarily involved in the regulation of licensed atomic energy applica- 
tions which are not involved in the Commission’s direct operations. 

In August of last year the President equipped himself to provide 
general guidance for executive agencies with respect to criteria for 
radiation protection by establishing the Federal Radiation Council, a 
body to which the Congress, a short time later, gave statutory status. 
There was thus provided for the first time an official mechanism for 
providing basic guidance for use by the Atomic Energy Commission 
and for other Federal agencies in the formulation of radiation pro- 
tection standards. The first report of the Federal Radiation Council 
to the President containing recommended criteria for the limitation of 
exposures to radiation was approved by the President on May 13, 1960. 
The criteria contained in that report do not differ substantially from 
the current recommendations of the National Committee on Radiation 
Protection. Work on derived criteria for limitation of exposure to 
radioactive materials in air and water is underway. 

The Commission has cooperated fully with the Federal Radiation 
Council in its work. The Chairman, or another Commissioner acting 
as his alternate, has attended all meetings of the Council to date. A 
representative of the Office of Health and Safety has regularly repre- 
sented the Commission on the Working Group of the Council. 

Representative Hoxirretp. At that point, you say “the Chairman, 
or another Commissioner acting as his alternate, has attended all meet- 
ings of the Council to date.” How many meetings has the Chairman 
attended ? 

Mr. Finan. I would have to supply that for the record, Mr. Holi- 
field. I have only had reason to attend one or two of the meetings 
myself. So I cannot speak from my own knowledge. 

We will be glad to furnish that information. 

(The information referred to follows :) 

Date of meeting: AEC member attending 
Sept. 9, 1959 Commissioner Floberg. 
eb RO, AOD iis a i iets cris eta aio alpacas Chairman McCone. 
Dec. Commissioner Floberg. 
Feb. Do. 

Mar. 8, 18 Do. 
Apr. 4, Do. 
Apr. 13, 1960 Do. 
Apr. 23, 1960 Do. 
May 4, 1960 Do. 
May 17, 1960 Do. 

Representative Hortrrerp. But at least the Chairman or another 
Commissioner has attended all the meetings ? 

Mr. Finan. Yes, sir. Briefly, Dr. Williams, I believe, went to one 
or two meetings. Subsequently, Mr. Floberg has attended those meet- 
ings that the Chairman was unable to attend. 

Shall I proceed, Mr. Chairman ? 

Representative Ho.irretp. Yes. 

Mr. Finan. The recent report of the Council to the President was 
based upon 314 months of full-time work, expected to extend through 
a period of several months—the AEC is contributing two professional 
men experienced in radiation protection problems. In addition, the 
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AEC has made available to the Council and its staff approximately 
25 days of consultation from 23 experts from its own organization, its 
prime contractors, or its consultants. 

Some further insight into the role of the Atomic Energy Commis- 
sion in the field of radiation protection is afforded by consideration 
of the related responsibilities of other governmental agencies. 

The Atomic Energy Commission and the Department of Health, 
Education, and Welfare have intersecting responsibilities in several 
areas. One such area, for example, involves control of the release into 
interstate waterways of materials licensed by the Atomic Energy Com- 
mission. In another area the Atomic Energy Commission has the 
responsibility for measures to prevent excessive quantities of radio- 
activity becoming incorporated in food products, but if excessive 
quantities were to appear in such food products it would be the re- 
sponsibility of the Department of Health, Education, and Welfare to 
take appropriate action with respect to the food. 

In addition, the Department of Health, Education, and Welfare has 
been given primary responsibility within the executive branch of the 
Federal Government for the interpretation of data on environmental 
radiation levels. 

Interagency cooperation between the AEC and several other civil 
Government agencies is necessary for radiation protection in a num- 
ber of situations. 

The Department of Labor defines hazardous occupations from which 
children under specified ages are prohibited. The Department of 
Agriculture inspects meat for wholesomeness. The Office of Civil 
and Defense Mobilization has an extensive interest in problems of 
radiation protection in connection with civil defense. 

The Interstate Commerce Commission, the U.S. Coast Guard, the 
Federal Aviation Agency, and the Post Office Department regulate the 
transportation of hazardous materials over land, by ship, by air, and 
through the mails, respectively. 

Currently, problems of the regulation of transportation of radio- 
active materials are coordinated by an interdepartmental committee 
chaired by a representative of the Atomic Energy Commission and in- 
cluding representatives of the agencies mentioned above. In addition 
the Bureau of Explosives of the American Association of Railroads 
is represented on this committee. Representatives of this committee 
are working with representatives of other countries under the sponsor- 
ship of the International Atomic Energy Agency to achieve a co- 
ordinated international approach. 

T should like at this point to introduce into the record a brief state- 
ment on the regulation of transportation of radioactive materials by 
Federal agencies. 

(The statement referred to follows :) 


REGULATION OF TRANSPORTATION OF RADIOACTIVE MATERIALS BY FEDERAL AGENCIES 
OTHER THAN THE AEC 


Existing regulations for the transportation of radioactive materials deal with 
questions of packaging, labeling, and handling of radioactive materials to mini- 
mize exposure of transportation workers and members of the general public to 
radiation either under routine conditions of transportation or in case of accident. 
Although these regulations do not contain specific statements as to the radiation 
dose which might be received by individuals as a result of such handling or ac- 
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cident, current standards of radiation protection constituted an important con- 
sideration in their formulation. In some cases, a more restrictive consideration 
is the desirability of protecting photographic film from excessive exposure and of 
avoiding radioactive contamination of other materials. 

Although a number of Federal agencies have responsibility for regulating 
transportation of hazardous materials, under certain modes of transportation 
the basic regulations in current use are those promulgated by the Interstate 
Commerce Commission and published as parts 71 to 78 CFR 49. These regu- 
lations apply to surface transportation by land and, under some circumstances, 
by water. Regulations governing the transportation of radioactive materials in 
aircraft are published by the Federal Aviation Agency in part 49 CFR 14, and 
transportation of radioactive materials subject to the regulations of the U.S. 
Coast Guard are published as part 146 CFR 46. Because the transportation 
of any particular shipment of material is likely to use two or more modes of 
transportation, some degree of correlation between the regulations applying to 
one mode and those applying to another is necessary. In practice, the packaging 


and labeling specified by the ICC are adopted by the Federal Aviation Agency 
and the U.S. Coast Guard. 


The Post Office Department does not accept packages of radioactive materials 
which, under ICC regulations, require special packaging and labeling but per- 
mits the shipments of small quantities of radioactive material with specified 
labeling. 

Mr. Finan. I should also like to invite attention to the statements 
prepared by most of the agencies mentioned above which appear in 
the Joint Committee’s print of “Selected Materials.” 

An amendment to the Atomic Energy Act enacted last September, 
Public Law 86-373, provided a mechanism by which the Atomic Ener- 
gy Commission might relinquish to the States some of the responsibili- 
ties for the regulation of licensed materials given to the Atomic 
Energy Commission in 1954. 

It is contemplated by the statute that AEC will enter into an agree- 
ment with a State for the discontinuance of jurisdiction if the Govern- 
nor of that State certifies that the State has a program for the control 
of radiation hazards adequate to protect the public health and safety 
with respect to the materials within the State covered by the proposed 
agreement, and that the State desires to assume regulatory responsi- 
bility for such materials; and the AEC finds that the State program 
is compatible with the Commission’s program for the regulation of 
such materials, and that the State program is adequate to protect the 
public health and safety with respect to the materials covered by the 
proposed agreement. 

It is assumed by the Atomic Energy Commission that in order for 
a State program to be compatible with that of the Commission, the 
State program will be based upon the radiation protection standards 
used by the Federal Government. 

The Commission has prepared a statement of criteria to be used in 
negotiating agreements arith the individual States and these have been 
circulated to the various States. Although these have been discussed 
in some detail at various meetings with representatives of individual 
States or groups of States, formal replies had been received as of 
May 20, 1960, from only two States. 

The material supplied to the Joint Committee for incorpartion in its 
print of “Selected Materials on Radiation Protection Criteria and 
Standards: Their Basis and Use” includes, on pages 518-530 of the 
committee print, a discussion of the AEC licensing and regulation 
program with particular emphasis on part 20 of the Commission’s 
regulation, “Standards for Protection Against Radiation.” In elabo- 
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ration of the material already provided on part 20, we have the fol- 
lowing statement to make : 

The regulations contained in part 20 were issued more than 3 years 
ago. The regulaitons were based upon the then outstanding recom- 
mendations of the NCRP. In 1958 and 1959 the NCRP modified its 
earlier recommendations. Those later recommendations formed the 
basis for a proposed revision of part 20 which was published for public 
comment about a year ago; radiation dose limits would be lowered to 
one-third of the current values and a procedure would be established 
under which employees in activities licensed by the Commission would 
be provided records of their cumulative exposure experience. 

Numerous comments on the proposed amendments have been re- 
ceived, most of them from AEC licensees. 

Of the comments received, less than 20 percent involved the pro- 
posed dose limits; some endorsed the proposed lower permissible dose 
and concentration levels; the majority, however, objected to them on 
several grounds. One group of objections ran to the general proposi- 
tion of lowering the permissible dose and concentration levels; it was 
contended that there is no evidence that the present levels are unsafe; 
it was asserted that present radiation measurement methods and pro- 
cedures are not sensitive enough to meet the requirements of the 
proposed lower levels; and, finally, it was claimed that the proposed 
lower levels would have the effect of unnecessarily restricting the 
growth of the peaceful uses of atomic energy. 

The second group of comments did not deal particularly with the 
proposed lower standards. Instead, they could be described as a chal- 
lenge of the use of the NCRP recommendations in the Commission’s 
regulations. The view was expressed that the NCRP recommenda- 
tions are valuable for scientific purposes but are not adaptable to rule- 
making. This group of comments included suggestions that the 
standards should be published as guides rather than as binding rules. 

The majority of the critical comments were aimed at the proposed 
new record procedures and reporting requirements. The value to 
employees of the proposed records was challenged and it was predicted 
that exposure records on all personnel for whom monitoring would 
be required would be excessively burdensome. Included were some 
constructive suggestions for improvements in the administrative re- 
quirements to simplify the recording and reporting arrangements. 

Drafting work is about completed which takes into account the 
written comments which we received, the suggestions developed dur- 
ing several meetings with industry and labor groups, and the recent 
report of the Federal Radiation Council. The numerical values set 
forth in the proposed amendments to part 20 do not differ in any sig- 
nificant way from those contained in the Radiation Protection Guides 
approved by the President. The Commission, therefore, can now pro- 
ceed to complete action on the revision of part 20. 

Mr. Chairman, this concludes our prepared statement. Thank you. 

Representative Horirretp. Would it = possible for you to supply 
the committee with the various comments on this so we might know 
what groups favored the retention of the old standards and which ones 
were concerned with reducing them? 

Mr. Finan. Mr. Chairman I will be surprised if I learn that we have 


not already supplied the committee but, 1f we have not, we will cer- 
tainly be glad to do so. 
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Representative Hoxrtrretp. Did you find in general that industry 
was protesting the lowering of the levels of permissible doses because 
of the economic effect it would have? 

Mr. Finan. I did not have that impression. Mr. Lowenstein is 
much more familiar with the specifics than I am, Mr. Chairman, so I 
will ask him to answer that question. 

Mr. Lowenstern. There were certainly some objections on that 
ground, Mr. Holifield, but I would not say a were typical. 

I think by far the greater number did not make that objection. 

Representative Hortrrecp. They felt the lowering was all right? 

Mr. Lowenstetn. As far as lowering the basic standards was con- 
cerned, my recollection is that except for a small percentage most of 
them thought they were all right. 

Representative Hoxirrevp. I notice that you say the regulations in 
part 20 were issued more than 3 years ago and that it has taken more 
than a year now to get comments on your revision of part 20. Does 
this indicate a lag time that is important, or is it unimportant? 

Mr. Frvan. Again, let me ask Mr. Lowenstein to comment on that. 

Mr. LowenstEINn. This is not really a legal question, Mr. Holifield, 
but subject to correction by Mr. Woodruff, my recollection is that when 
the NCRP originally recommended lowering of the dose values, they 
recommended that a period up until about January 1962 be allowed as 
a generally really desirable time period for accomplishing the change. 
As indicated in Mr. Finan’s statement, we would expect to complete 
action on the issuance of an effective amendment very shortly. 

Representative Hortrretp. The lag time remains of more than a year 
to achieve a revision, however ? 

Mr. LowenstTeIn. I can explain the reason for the year, sir. The 
comments, as your staff will see when we furnish them to you, are a 
tremendous stack of documents. Many have good comments and sug- 
gestions; for example, we are revising the report forms in light of 
the comments. Second, a number of groups have requested meetings 
with us, labor and industry groups, and we have met with them to 
discuss various provisions. Finally, we have waited to see whether or 
not the Federal Radiation Council would recommend any changes in 
the standards that had been incorporated in the proposed rules. 

Representative Horirretp. In the AFL-CIO statement of page 126 
of the preprint material there is this paragraph : 

At no time did representatives of labor and of management sit down with 
representatives of the Commission staff to discuss and possibly to reconcile their 
differences on aspects of the proposed regulations. On the other hand, we regret 
to say, certain of’ labor’s proposed changes apparently were shown to representa- 
tives of management, while we have never been given an equivalent opportunity 
to see those offered by management. 

This is not in any way an attempt to deny that labor has been given, during the 
past year, an opportunity to discuss in a better framework of understanding its 
problems in the field of radiation protection with the Commission staff than has 
been true in the past. 

Nevertheless, there is still considerable room for improvement. We propose 
to the Joint Committee once again, the desirability of amending the 1954 act in 
order to establish a statutory Labor-Management Advisory Committee to aid in 


developing in an orderly and recognized fashion, sound programs of particular 
labor-management concern of which the amendments to part 20 are a case in 


point. 
You are aware of that statement, I suppose ? 
Mr. Finan. Yes, sir; we are aware of that statement. 
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Representative Horirietp. Does that contradict your statement that 
you had sat down with labor and discussed this matter ? 

Mr. Lowenstein. We have had separate meetings, Mr. Holifield; 
there has not been a meeting of the AEC staff jointly with representa- 
tives of management and labor. 

Representative Hoxtrrexp. Is it true that you have given labor’s rec- 
ommendations to management and you have not given management’s 
recornmendations to labor ? 

Mr. Lowenstetn. No, sir; I do not think that is so. All the com- 
ments that we have received in writing are in the public documents 
room. We have had meetings with representatives of labor groups 
and with representatives of industry groups in which we have dis- 
cussed draft revisions. I do not believe there has been any case where 
a comment has been furnished to us, that we have taken that comment 
and given it to some other group and said, “What do you think of 
that?” 

Representative Horirretp. Thank you, Mr. Finan, for your presen- 
tation. 

Mr. Frnan. Thank you, Mr. Chairman. 

Representative Horirretp. Our next witness is Dr. John Porter- 
field, Deputy Surgeon General, and Dr. Francis Weber, Chief of the 
Division of Radiological Health, U.S. Public Health Service. Will 
you gentlemen come forward ? 


STATEMENT OF JOHN D. PORTERFIELD, M.D.,1 DEPUTY SURGEON 
GENERAL, U.S. PUBLIC HEALTH SERVICE, DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 


Dr. PorrerrreLtp. Mr. Chairman, the Surgeon General, Dr. Burney, 
has asked me to express his regrets at his inability to attend this 
hearing and to testify before you. He has not yet returned to his 
office from his participation in the 1960 World Health Assembly 
held in Geneva. 


Representative Hoxirretp. You may proceed, Doctor. 


1Dr. John D. Porterfield has been Deputy Surgeon General of the U.S. Public Health 
Service since Oct. 1, 1957. 

Born in Chicago, Ill., on Aug. 10, 1912, he is the fifth generation of physicians in the 
Porterfield family. He is a graduate of Campion Preparatory School, Prairie du Chien, 
Wis., of Notre Dame University, Rush Medical School of the University of Chicago, and 
Johns Hopkins aor, School of Hygiene and Public Health. He served his medical 
internship at the Public Health Service Hospital in San Francisco. 

Dr. Porterfield was commissioned in the Regular Corps of the Public Health Service in 
June 1939. During his Service career, he has had a variety of assignments in and outside 
the Public Health Service including service in mental health, hospital facilities, and 
venereal disease control programs. 

In 1946 he was assigned to the National Institutes of Health, where he had a part in 
the early development of the research grants program. The following year he was granted 
leave of absence to become director of the Ohio partment of Health. He left that post 
in 1954 to become director of the Ohio Department of Mental Hygiene and Correction. 
He was recalled to active duty in the Public Health Service in October 1956 as assistant to 
the Surgeon General for program planning, development, and evaluation, and was pro- 
moted to the rank of Assistant Surgeon General on Mar. 5, 1957. 

Dr. Porterfield, who is a fellow of the American Medical Association and the American 
Public Health Association, is pee of the American College of Preventive Medi- 
cine and a charter member of the American Board of Preventive Medicine. He was re- 
cently reelected chairman of the Executive Board of the American Public Health Associa- 
tion, and has served as chairman of the association’s health officers’ section, of the 
mental health section, and of the editorial board. He was the association's first repre- 
sentative on the Joint Commission on Mental Illness and Health. 

Dr. Porterfield also is a consultant to the Committee on Medical Facilities of the 
American Medical Association’s Council on Medical Services. In 1956-57 he was presi- 
dent of the Middle States Public Health Association, and has served as secretary and vice 
president of the Association of State and Territorial Health Officers. 
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Dr. PorrerrieLp. In its nearly two centuries of experience, the Pub- 
lic Health Service has developed a philosophy and modus operandi 
which we believe to be applicable in almost every respect to that 
newest of public health problems, ionizing radiation. 

To be classified as a public health program, a disease or other hazard 
must actually or potentially threaten the well being of a significant 
part of the U.S. population. Furthermore, it must be amenable to 
remedial action which is within the power of society to take. 

There can be no question that ionizing radiation meets the first of 
these criteria, that it presents a health hazard to significant numbers 
of people. 

Without adequate protective measures ionizing radiation is a clear 
and present threat to the health of many thousands of people who for 
occupational or medical reasons must be exposed to its penetrating and 
destructive energy in relatively large amounts. 

On strong theoretical grounds environmental radiation is a potential 
threat to the health of every living being in this Nation and the world 
now and for all time to come. 

We believe also that radiation meets the second public health eri- 
terion—susceptibility to remedial action which is within the power 
of this society to undertake. 

The remedial actions health agencies take against communicable 
diseases are straightforward—we try to eliminate the causative organ- 
ism, develop a preventive vaccine, or devise an effective cure. None 
of these procedures can be used against some of the newer environ- 
mental health problems, including ionizing radiation. 

There are benefits in the automobile, the airplane, and chemical 
industries which our society feels it must have in spite of the health 
hazards that accompany these fruits of science and engineering. 

Similarly, there are many benefits to individuals and society from 
ionizing radiation—lifesaving medical benefits, miraculous new re- 
search tools, unlimited sources of power. 

The task is to find means to enjoy these benefits while avoiding the 
hazards. In this respect the job of the Public Health Service, as we 
see it, is twofold: 

First, to learn all we can about radiation in this country—its 
sources, extent, effects on man, and methods for protecting against 
those effects; second, to erect adequate and continuing safeguards 
throughout the country. From a practical standpoint this means we 
must help augment the total public health structure of this Nation— 
Federal, State, and local—with the trained manpower and specialized 
technical equipment and services that adequate radiation protection 
for the genera F pepuibstiiia requires. 

Our statutory authority to undertake this enormously large and 
important task is set forth in the Public Health Service Act (42 U.S.C. 
Ch. 6A). Under this act the Surgeon General has authority to con- 
duct research, investigations, and demonstrations relating to the 
causes, control and prevention of physical disease and impairments 
of man. Impairments resulting from radiation are within the scope 
of this authority. 

In connection with these activities cooperation with, and assistance 
to, other public agencies and to scientific institutions is authorized, 
specifically including State and local agencies responsible for enforce- 
ment of health regulations. 
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In addition, two laws which supplement the Public Health Service 
Act permit special activities in the radiological health field. One is 
the Federal Water Pollution Control Act which provides a base for 
action by the Surgeon General in connection with waterborne radia- 
tion hazards. 

The second is the Air Pollution Research and Technical Assistance 
Act which authorizes the Surgeon General to investigate air pollution, 
recommend research programs and develop methods for eliminating 
or reducing air pollution. Air pollution caused by radioactive mate- 
rials is within the scope of this act. 

Both of these special acts include authority for research, investiga- 
tions, technical assistance to, and cooperation with, other public and 
private agencies, including State and local governments. 

To facilitate such cooperation and aid in all fields of public health, 
the Surgeon General is authorized to detail officers to other Federal 
agencies, to States, and to nonprofit institutions. Traditionally, this 
has been an important operational mechanism in initiation of new 
programs, with broad State implications. 

Since 1958 we believe we have made good progress toward estab- 
lishing the foundations of an effective, nationwide program of radia- 
tion protection for the general public, to be carried on by Federal, 
State, and local public health agencies. At the national level, these 
activities are focused in our Division of Radiological Health, which 
was established about 2 years ago. Important responsibilities are 
carried by also other units of the service, notably the air pollution and 
water pollution programs, and by other constituents of the Depart- 
ment, the Food and Drug Administration in particular. Strong 
cooperation in these efforts is being given by the Atomic Energy Com- 
mission, Department of Defense, Bureau of the Budget, and other 
agencies in the executive department. 

Inherent in these developments has been the growing recognition 
that ionizing radiation and other contaminants in the environment— 
chemical, physical, and biological—have come in recent decades to 
take place along with infectious and chronic diseases as significant 
health problems. Because they are a consequence of rapid scientific 
advances, population growth, urbanization, and industrialization, 
they are certain to increase, although the exact degree is difficult to 
forecast at this time. 

The need for a nationwide reorientation of public health programs 
so as to cope with these new problems has been a matter of intensive 
study within the Public Health Service, and by such bodies as the 
Association of State and Territorial Health Officers and the American 
Public Health Association. 

At special hearings on the problems of environmental health held 
March 8-9, 1960, by the Subcommittee of the House Appropriations 
Committee, the Surgeon General presented a report of a group of 
independent experts appointed by him to study this question. 

The following excerpts from the summary of their report provides 
a good indication of the trend of expert thought: 

* * * over the past several decades, significant and growing nonbiological 
health hazards have arisen. Our increased use of materials and products is 


attended by increasing quantities of potentially toxic substances in the limited 
physical dimensions of man’s environment. * * * The diverse and growing bene- 
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ficial uses of nuclear energy are producing a whole new spectrum of hazards 
to health, both for present and for succeeding generations * * *, 

While the biological hazard in the environment normally assaults the in- 
dividual in discrete and separate instances, the chemical and physical hazards 
come more often in intermittent or continuous doses through a variety of 
vehicles. It is the total and cumulative exposure of the individual to ionizing 
radiation that is important no matter how the separate components reach him. 
Of no less concern is the total exposure to chemical toxicants through air, 
water, and food * * *. 

Over the next decade, social and economic forces will increase the potential 
of environmental health hazards. The challenge to public health is to make 
comprehensive assessment of the interacting effects of these hazards and to 
apply preventive measures and controls to eliminate or minimize their damage. 
There will be major growth in expenditures by State and local governments and 
by industry for facility construction and operation, and for other controls. The 
Public Health Service is faced particularly with the need for an expanded 
program of research, training, and technical serVices., 

Plans to implement the recommendations of this group are being 
developed by the Public Health Service and by many State health 
agencies. 

en the work of the Division of Radiological Health during its 
2 years of existence and its plans for the years immediately ahead, 
have paralleled rather closely the pattern we have followed in the 
past for other newly emerging nationwide health problems. This 
pattern is in three closely related segments, technical and financial 
assistance to the health agencies of State and local governments, hel 
ing to train the requisite number of professional and technical work- 
ers, and research oriented toward solving the particular scientific ques- 
tions involved. 

I am glad to report that good progress has been made in all these 
three areas of research, training, and technical assistance. If desired 
by this committee, details may be developed through questions directed 
to staff members of the Division of Radiological Health who are here 
with me. In addition, reference may be made to our lengthy status 
report submitted for the advance print of selected materials recently 
issued by the committee. Finally, we shall be glad to prepare any 
special reports which may be felt desirable by this body. 

Before closing, [ should like to mention very briefly certain relation- 
ships the Public Health Service has with a number of official and non- 
official agencies at the national level which have a direct bearing on the 
formulation and applicaiton of radiation standards for health pro- 
tection purposes. 

Cooperative activities of the Public Health Service with other Fed- 
eral agencies in the field of standards development date back to the 
early days of the Manhattan district when we worked with that group 
in the establishment of its standards for human tolerance for radiation. 

The Service has continued to work closely with other Federal agen- 
cies on activities related to standards development and application, 
that is, we have a memorandum of agreement with the Albuquerque 
Operations Office of the Atomic Energy Commission to provide cer- 
tain services in connection with testing activities conducted by that 
office. Under this agreement we have an officer assigned to the Albu- 
querque Operations Office to act as staff adviser on radiological safet: 
to the test manager, and conduct, with Public Health Service staff, 
the offsite radiological safety program in connection with activities 
at AEC’s Nevada test site. e have also participated on a committee 
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basis in the establishment of radiological safety criteria to be em- 
ployed during the conduct of tests. 

The Public Health Service has had a memorandum of understand- 
ing with Joint Task Force Seven of the Department of Defense to 

rovide an offsite radiological safety program in connection with test-- 
ing activities at the Pacific Proving Ground. 

As a part of this agreement we have worked with that organization 
in developing radiological safety criteria to be used in populated areas 
adjacent to the proving ground. These activities are more fully 
described in the report of this committee’s hearings on Federal-State 
relationships in regulating radiation hazards. 

Since 1955, the Service has worked very closely with the Nuclear 
Power Branch of Navy’s Bureau of Ships in connection with its 
nuclear powered ship program. A part of this working relationship 
has included assistance and advice in the development of waste dis- 
charge criteria and operational procedures. 

As part of this program we have an officer detailed to the Pittsburgh 
naval reactor operations office where he is concerned primarily with 
the reactor at Shippingport, Pa., but has also been working on prob- 
lems related to wastes from nuclear powered ships. 

Within our own Department, the Public Health Service is workin 
closely with the Food and Drug Administration in the application o 
radiation standards to the enforcement program of that agency. We 
are also, within the Public Health Service, interested in the application 
of basic standards in our Division of Water Supply and Pollution 
Control. This involves enforcement activities under the Water Pollu- 
tion Control Act where one must determine what constitutes pollution 
under the basic standards, and also the application of basic standards 
to the Public Health Service drinking water standards which are used 
as a guide for the acceptability of water used on the interstate car- 
riers under our interstate quarantine lations. Work is currently 
being carried on within the Service on both of these problems. 

With regard to nongovernment agencies, the Service has had rep- 
resentation on committees of the National Committee on Radiation 
Protection and Measurements, the International Commission on Ra- 
diation Protection and the American Standards Association. Our 
specific activities with the National Committee on Radiation Protec- 
tion and Measurements is indicated in the report of the Joint Com- 
mittee on Atomic Energy hearings on “The Nature of Fallout and Its 
Effects on Man,” part 1, page 848, and “Selected Materials on Radia- 
tion Protection Criteria and Standards and Basis for Use,” May 1960, 
page 1085. Activities with the ICRP are indicated in the latter ref- 
erence, page 1126. ; 

The ren has representation in the following committees of the 
American Standards Association’s Nuclear Standards Board: 

N-2 general and administrative standards for atomic energy; 
N-3 nuclear instrumentation ; 

N-6 reactor safety standards; 

N-7 radiation protection. 

Finally, we enjoy excellent working relationships regarding radia- 
tion protection standards and programs with such ups as the 
American College of nents, American Medical Association, 
American Ticatel Aasasiaem, and the Nationa] Academy of Sciences. 
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If there are any questions, sir, before you would like to hear the 
more detailed report of the Service’s activities, I would be glad to try 
to answer them. 

Representative Hottriexp. I believe at this time, Dr. Weber, we will 
ask that you present your statement. 


STATEMENT OF FRANCIS J. WEBER, M.D.,2 CHIEF, DIVISION OF 
RADIOLOGICAL HEALTH, BUREAU OF STATE SERVICES, PUBLIC 
HEALTH SERVICE, U.S. DEPARTMENT OF HEALTH, EDUCATION, 
AND WELFARE 


Dr. Weser. Thank you. 

Representative Horirietp. You may proceed. 

Dr. Weser. On earlier occasions, the historical growth, the organ- 
ization, and the current program responsibilities of the Public Health 
Service were described in some detail to this committee. (Joint Com- 
mittee on Atomic Energy preprint, “Selected Materials on Federal- 
State Cooperation in the Atomic Energy Field,” March 1959.) 

These details will not be repeated except to point out that beginning 
with a program of medical care for seamen, in 1798, the responsibilities 
of the Service in succeeding years was broadened to the extent that 
by the turn of the next century—1900—the basic elements of the 
present-day program—research, medical care of beneficiaries, and 
public health programs with the States—had been established. 

At the present time, this base is now considerably expanded 
especially in the field of research and in various forms of direct and 
indirect assistance to appropriate agencies and individuals engaged 
in the different phases of health work. 

As Dr. Porterfield has pointed out, activities in radiological health 
protection—or, for that matter, a number of other health problems 
about which Public Health Service activities center—are not spe- 
cifically prescribed in the basic Public Health Service Act. 

At the same time, Service is authorized to conduct research, in- 
vestigations, experiments, demonstrations, and studies relating to the 
causes, diagnosis, treatment, control, and prevention of physical and 
mental diseases, and impairments of man, and it has been further indi- 
cated that radiation-induced impairments are considered to be within 
the scope of this authority. 


1 Birthplace : Philadelphia, Pa., Sept. 20, 1909. 

Education: Bachelor of arts, University of Pennsylvania, 1932; doctor of medicine, 
University of Pennsylvania, 1936; master of public’ health, Johns Hopkins University, 
1939 ; doctor of public health, Johns Hopkins University, 1951. ‘ 

a specialty: Diplomate, American Board of Preventive Medicine and Public 
ealth. 

Present position : Chief, Division of Radiological Health, Public Health Service, Depart- 
ment of Health, Education, and Welfare. 

Experience : Commissioned in regular corps, Public Health Service, July 1, 1938. First 
field assignment to epidemiological studies in poliomyelitis under National Institutes of 
Health, followed by other studies in venereal disease, tuberculosis, and mental health pro- 
grams. Public health experience has ona of: a succession of assignments including 2 
years in local health work in Georgia; division director with Michigan Department of 
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Consistent with that authority, the Public Health Service instituted 
a radiological health program several years ago. This program has 
experienced a relatively rapid growth during the past year, with the 
expectation of further expansion in the next fiscal year. (Joint Com- 
mittee on Atomic Energy preprint, “Selected Materials on Radiation 
Protection Criteria and Standards. Their Basis and Use,” May 1960, 
p. 868). 

Since our basic law authorizes the Surgeon General to cooperate 
with and render assistance to appropriate public health authorities, 
scientific institutions, and scientists in connection with various health 
activities, the radiological health program is making increased use of 
these techniques as a result of the augmented budget. 

For example, along with other Federal agencies, the Service has 
attempted during this fiscal year to increase its assistance in the im- 
portant area of radiation protection standards evaluation information. 
This has involved close working relationships with such scientific 
groups as the National Committee on Radiation Protection and Meas- 
urements, the International Commission on Radiological Protection, 
the American Standards Association and participation in the coordi- 
nated Federal agency approach of the Federal Radiation Council. 

The approval by the President on May 13, 1960, of radiation protec- 
tion guides, recommended by that Council, is viewed by the Service as 
un essential step to assure effective radiation protection programs 
within the Federal establishment having uniform guidelines for their 
basis. 

At the same time, in recognition of the acknowledged tentative na- 
ture of parts of the guidelines developed by this and other expert 
groups, a condition occasioned by the unsettled nature of some basic 
scientific questions respecting the low level exposure area—we have 
expanded the Service’s study and research programs. 

This should provide additional useful data for those times when the 
present. standards shall be reviewed for the purpose of possible revi- 
sions. 

Among the studies initiated by the Division of Radiological Health 
are the following: 

1. Effects of human X-ray exposure: includes retrospective studies 
of offspring of pregnant women exposed to X-ray for any effects on 
their children, and a search for any association between the X-ray and 
leukemia occurrence. 

These studies have been, or are being, initiated in Michigan, Mary- 
land, and California. 

2. The influence on population groups of natural background and 
certain of the radioactive elements forming it. Examples are: The 
estimation of the body burden of radium 226 in the human popula- 
tion of the Animas River-San Juan Basin, and an evaluation of the 
influence, if any, of increased natural background radiation in the pro- 
duction of congenital malformations and leukemia incidence in New 
York as well as other States. 

3. Radioecological studies on mechanisms involved in the cir- 
culation of fission products, especially strontium 90, in the biosphere: 
Work has begun in the metropolitan area of St. Louis, correlated with 
special activities in the Brainerd, Minn., region. Extension to other 
sites is also being considered. 
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In each of the foregoing areas, the studies are being conducted in 
cooperation with State and local health departments. 

In addition, the Service within its own laboratories, as well as 
through its extramural research grants program for radiation studies, 
is expanding its contribution in the fundamental biomedical research 
area. This includes studies on strontium 90 deposits in human bones 
and other tissues, as well as the effects of X-ray on different tissues 
and organs. 

Within the area of program operation, all segments of which entail 
the application of uniform standards, activities have been increased for 
the purpose of keeping necessary exposures well within levels estab- 
lished by the standards. This work entails: 

1. Cooperation with a number of Federal agencies, such as the 
Atomic Energy Commission, the Department of Defense, the Depart- 
ment of Agriculture, the U.S. Maritime Administration, the Nuclear 
Power Branch of the Navy Bureau of Ships, and sister agencies within 
the Department of Health, Education, and Welfare, like the Food and 
Drug Rapiateeicn, the National Office of Vital Statistics, as well 
as the Service’s Division of Water Supply and Pollution Control and 
the milk and food program. 

are of the activities made possible through this joint approach 
include: 

_ (a) Offsite measurement and monitoring; 
(6) Cooperation in development of radiation safety protection 
poagrnane at reactor sites, of which those at Shippingport, Pa., 
daho Falls, Idaho, and Monroe, Mich., furnish examples; 

(ec) Continued evaluation of health hazards in uranium mining 
and milling industries in the Colorado plateau area; 

(d) Assistance in loan of medical personnel to the Atomic 
Bomb Casualty Commission studies in Japan; 

(e) Assistance in the maritime reactors program for radiation 
safety on nuclear propelled vessels, such as the Savannah; 

(f) Work in food sterilization as part of an interdepartmental 
committee ; 

(g) A key responsibility in the organized intergency es 
to provide radiological assistance designed to prevent and control 
radiation accidents. 

In August 1959, an important interagency program was instituted 
by the assignment by the President of the Unite States of primary 
responsibility to the Department of Health, Education, and Welfare, 
within the executive branch, for the collation, analysis, and interpreta- 
tion of data on environmental radiation levels. 

Following delegation of this responsibility within the Department 
to the Division of Radiological Health of the Public Health Service, 
the Division has initiated a monthly publication of appropriate envi- 
ronmental radiation measurements. 

Each third issue will give special attention to evaluation of the 
available data. (Joint Committee on Atomic Energy preprint, “Se- 
lected Materials on Radiation Protection Criteria and Standards: 
Their Basis and Use,” May 1960, pp. 889-912, inclusive. ) 

The mechanism now provides for a prepublication review of these 
reports by a board of editorial advisers, composed of representatives 
from the following Federal agencies: The Departiinnt of Health, 
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Education, and Welfare; the Atomic Energy Commission; the De- 
partment of Defense; the Department of Commerce; and the Depart- 
ment of Agriculture. 

As the system is perfected this should provide a more accurate esti- 
mate of probable general and special population radiation exposure, to 
pa . realistic comparison of population status in terms of the 
standard. 


2. The other important area of interagency relationships relates 
to work with the States. 

The significance of this gains in importance, with the growth in the 
number and the extent of artificially produced sources, an increase 
which can be expected to continue in the future. 

This trend should have the effect of— 

( a) Increasing the number of people exposed to potential risk; 
an 
(6) Requiring the utilization of additional health professionals 
responsible for management of health protection programs in 
their respective areas. 

Of interest in the organizational phase of broadened program par- 
ticipation by the State agencies was the convening by the Surgeon 
ae of three conferences with health officials during the past 13 
months: 

A national conference at Denver, Colo., in April 1959; 

Two regional conferences, one for the Western States, held at 
Las Vegas, Nev.,in December 1959, and one for the Kastern States, 
held at Montgomery, Ala , in February 1960. 

Other principals at these conferences included officials representa- 
tives of the Association of State and Territorial Health Officers, the 
Atomic Energy Commission, and the Food and Drug Administration. 
Discussions of radiation standards of various types and their applica- 
tions were included as part of the pr ms. 

The Divisions of Radiological Hea th has completed program inven- 
tories in 40 of the 50 States, in order to determine extant capabilities 
and what more is needed for fuller participation. 

As a result of requests, 13 trained officers from the Division of Radio- 
logical Health have been assigned to individual States to help develop 
State programs. 

This has been accompanied by an increase in technical and consulta- 
tive assistance to the States. Two new Service laboratories have been 
established, primarily for assistance in environmental measurements, 
thereby providing an expanded nationwide check on the levels of 
various environmental parameters in relation to standards. 

Assistance has also been given certain States and local communities 
in the form of X-ray demonstrations in improved X-ray practices, 
including demonstrations in Florida, Oregon, North Dakota, Alabama, 
and Maryland. 

The Division has also collaborated with the American College of 
Radiology in a program of professional education in the management 
of X-ray safety programs, and has underway a new X-ray laboratory 
to make possible a more rapid extension of these phases of the program. 

In addition, certain cooperative research activities have been under- 
taken in the field of methodology and instrumentation, a form of re- 
search necessary to perfect the means by which standards may be met 
most effectively and economically. 
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Specific instances of such efforts include projects like the joint 
Department of Agriculture-AEC-PHS study on the removal of stron- 
tium 90 from milk, and the development of a new film packet method, 
in association with local health departments and dental societies, for 
the measurement of dental X-ray exposure. 

Since adequate trained manpower is necessary to manage the in- 
creasing sources, and the accompanying demands for meeting stand- 
ards necessitated by their operations, considerable emphasis is being 
given to training. 

Of practical help has been the estimate of the need, now and in 
the future, prepared by a special subcommittee of the National Ad- 
visory Committee on Radiation. (Joint Committee on Atomic 
Energy preprint, “Selected Materials on Radiation Protection Cri- 
teria and Standards: Their Basis and Use,” May 1960, pp. 862-864, 
inclusive. ) 

The Service has, therefore, accelerated its training program in 
order to meet the shortages disclosed by that study. 

In so doing, its training program is directed toward serving the 
needs of the following groups: 

1. Professionals requiring intensive long-term academic training. 
This includes: 

(a) Those needed for the conduct of research and teaching 
programs designed to develop data providing the fundamental 
base for standards. Examples of some of the specialties needed 
a Experts in radiology, radiochemistry, biophysics, and 
others; 

(6) The training of professionals responsible for the develop- 
ment and execution of policies governing the application of 
standards in practice. Of the many possible examples, one that 
can be cited is a director of the division of radiological health 
on a State health department. 

2. Another important type needing intensive training for essential 
work is the worker who performs important detailed technical work 
at large installations, where an exact scientific knowledge of particu- 
lar procedures as well as their rational basis is necessary for most 
effective work. 

Such an example is found in the form of a radiological technician 
in a large hospital to supervise the technical aspects of X-ray pro- 
cedures conducted in volume, as well as other uses. 

Although less extensive training is necessary for certain profes- 
sionals and technicians, whose work is not exclusively concerned with 
radiological health, it is, nonetheless, necessary if their work is related 
to it in one or another important way. Such persons include: 

Public health officials with broad program responsibilities ; 

Professionals in specialties whose programs incorporate tech- 
niques which include work with radioactive sources, such as 
the director of a tuberculosis control program, with a program 
dependent on the X-ray for case discovery and successful 
management. 

This ranges down to others at a technical level whose work, for 
example, may include the careful taking of samples. Therefore, the 
short-term training program has been considerably expanded, totaling 
over 600 persons trained during this fiscal year—-1960—compared to 
386 in the year preceding. 
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In conclusion, it seems clear that successful standards formulation, 
and safety programs centering about them, contain a number of com- 
plex problems. This follows from the rapid growth of the field. 

At the same time, due to this rapid development, we have not had 
extended opportunity to evaluate all aspects of their use, as has been 
the case in other health fields. 

This should be kept in mind when the attempt is made to answer 
some of the more difficult questions that require time, among other 
things, to resolve. 

Therefore, both the answers to such questions, as well as the success- 
ful prosecution of protection programs will depend on the success of 
cooperative efforts involving a large number of agencies and indi- 
viduals seeking to improve the theory of standards and programs de- 
pending upon it. 

Representative Horirreip. Will you give us a little more detail, Dr. 
Porterfield, about the training activities? What is the budget for 
1960 and 1961 for radiation protection ? 

Dr. Porterrretp. For fiscal 1960 the appropriation for training sir, 
is $667,600. The total budget for 1960 for the Radiological Health 
Division activities is $2,582,900. 

Representative Horirretp. This is the 1960-61? 

Dr. .PorTerFretp. Yes, sir. 

Mr. Ramey. Is it 1961? 

Dr. Porterrrenp. The 1961 budget which has not yet been acted on 
by Congress contains the President’s budget $6,219,000 total, of which 
$1,166,800 is for training. 

Representative Hoxirretp. So you are really moving up, and this 
will enable you to move up your program quite sharply. 

Dr. Porrerrtetp. Yes, sir. We have been very fortunate so far in 
being able to find competent applicants whom we have sent out for 
training and who are now in that process. 

Representative Hoxtrreip. Are they training others in the State 
fields or in the Federal field ? 

Dr. Porrterrretp. In addition to the program by which we send 
people for formal training, which will fit them for jobs either federally 
or with States, we are also providing inservice training courses for 
people presently in business in the States, particularly, but also in in- 
dustry and in Federal establishments, most of which is carried on at 
the Sanitary Engineering Center in Cincinnati. 

Representative Hotrrrep. Can you give us a breakdown of the num- 
ber of people that are participating in this training program ? 

. Dr, PorrerrieLp, Yes, sir; we can supply that for the record, if you 
like, or would you like to have it discussed now ? 

Representative Hoxirrerp. Could you tell us approximately how 
many people are-in the training program ? 

Dr. Weser. That is the number being trained, Mr. Chairman? 

Representative Horrreip. Yes. 

Dr. Werner. The number being trained at the present time includes 
26 from our Division on full-time academic training outside, of the 
Service. They are detailed to institutions of higher learning for that 
purpose. At the present tempo of short-term training to whieh Dr, 
Porterfield just referred, which emphasizes training for State people, 
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this year we will have trained over 600 in contrast to 300-some-odd 
last year. 

Representative Hoxirrecp. How are you doing this? Is it by fur- 
nishing instructors and paying instructors by grants-in-aid to States? 

Dr. Weser. It is done through formal courses held primarily at 
Cincinnati, at the Sanitary Engineering Center, in the form of 13 
different courses, which represent an increase of 3 over last year. 

Mr. Ramey. Do you pay the travel and per diem? What are your 
financial arrangements for your trainees in your training program ? 

Dr. Weser. In the great majority of cases, their travel and per diem 
is paid by the States or the agency that supports them. On certain 
special occasions we do train people whose per diem and travel is paid, 
mainly in connection with specific active duty assignments with our 
own organization. The case of the off-site monitoring program which 
utilizes reserve officers is an example. 

Mr. Ramey. Are the State people in turn under a Federal grant 
system so that they have ready access to funds for training purposes, 
sueh as paying the travel and per diem? I know sometimes we run 
into cases, not necessarily with the Public Health Service, but with the 
Atomic Energy Commission under their program where States cannot 
afford to send somebody. 

Dr. Porrerrretp. That is true, sir. There are no grants-in-aid to 
the States by the Public Health Service at the present time specifically 
for work in radiological health. The States are able to use general 
assistance to the States, funds which are provided for general work 
in public health. It is true, however, as you say, that some States 
even with Federal assistance find their budgets restricted to the point 
of limiting out-of-State travel. So far we have been oversubscribed 
in our training programs, but the possibility could arise that we 
would not be training people in States where it was highly essential 
because of the difficulty of their travel and maintenance during the 
time of the course. At such time I think we would try to make ar- 
rangements with this money to support that item, too, 

Representative Hotirreip. Would it be easier if you sent an instruc- 
tor toa State than to have them go to the expense of sending all of the 
people back here, involving travel expense and so forth? 

Dr. Porrerriecp. No so far. The development of the faculty and 
the teaching materials and demonstrations and examples that we have 


set up at Cincinnati make it desirable to bring the students to the 


point of training. However, we have eee oe to meet what you 
indicate in the assignment of part-time consultants or traveling con- 
sultants to States to visit with State people, to spend short periods of 
time with them advising on the development and operation of their 
programs, and also in about 12 cases, I think, we have assigned on a 
more permanent duty assignment trained officers of the Public Health 
Service to the State who will stay there and help the State to develop 
its program. 

Representative Horirtetp. I noticed that only two States had ap- 
parently availed themselves of the opportunity to come to the AEC 
and qualify for these privileges that we gave under the recent law, 
34-363. Does this indicate a lack of need or lack of interest on the 
part of the States? 
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Dr. Porrerriexp. I think the answer is no to both of your questions, 
sir. It does not indicate a lack of need, I am sure, nor does it indicate 
any lack of interest. I suspect from what I know of the State feelings 
that they need a little more time to prepare themselves in their organ- 
‘sailed development and the acquisition of trained staff before they 
are in a position to seek from AEC a contract for these services. 

Representative Hosmer. I think it ought to be made clear in light 
of the reference to seeking funds to subsidize State people coming to 
Cincinnati, even though you might have made the impression you did 
a moment ago, the funds are probably not going to be forthcoming 
and no State should be holding back in anticipation of getting a 
handout in this respect. 

Dr. Porrerriretp. I would agree with that, sir. 

Representative Hosmer. For myself, I think that these States should 
get in, if they want to assume these responsibilities, and finance them. 

Representative Horirretp. We were told, as you remember, Mr. 
Hosmer, how anxious the States were to get in a do this job. They 
kept knocking on our door and more or less holding us responsible 
for not passmg enabling legislation. Wedid pass enabling legislation, 
and I am somewhat surprised in view of the case that was made to 
us that there has not been a little more action on the part of the States. 
1 was a little bit skeptical myself at the time that this need was as great 
as it seemed to be. I believe New York has done pe a job in the 
field. The other State, I guess, is California. ey have gone 
forward with their legislation pretty well. 

Dr. Porrerrtrexp. yan sir. 


Representative Hotrrre.p. Apparently some of the other big States 


have not moved very fast. 

Representative Hosmer. I think these States ought to think twice 
before they come in and demand all these thin Perhaps they are 
- making a good assessment of the responsibilities that go with 
them. 

Representative Horirretp. Sometimes it is based on somebody in the 
State promoting something. They like to promote themselves a little 
empire statewise, and if they get the green light from the Federal 
Government, they can do so. at was a general statement. I was 
not referring to anyone particularly. 

Dr. Waser. Mr. Chairman, may I volunteer a comment on that, and 
I would be glad to furnish information for the record. We have now 
conducted an inventory representing an onsite field visit in each case 
by staff to 40 of the 50 States during the past year, eee their 
resources, the objectives of their programs, and their lems and 
what they hope to arrive at eventually. We have a breakdown of the 
results of that, including this matter of broad legislative authority 
p of rules and regulations, and other indications of interest. 1 
would be very happy to furnish that for the record, if you wish. 

Representative Hoxirretp. It will be in order for us to receive it. 

Dr. Weser. In other words, I think it does indicate progress, al- 
though it is not the most rapid progress, for which I think there are 
logical] reasons. 
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(The information referred to follows :) 


EVALUATION oF STATE RADIOLOGICAL HEALTH ACTIVITIES BY THE PUBLIC HEALTH 
SERVICE BASED ON FINpINGs IN 40 STATES, WITH PARTICULAR REFERENCE TO 
Factors THat Micut AFFECT STATE CAPABILITIES TO ASSUME LICENSING AND 
REGULATORY AUTHORITY FOR THE ATOMIC ENERGY COMMISSION UNDER PUBLIO 
Law 86-373 

SUMMARY 

Present status 


On the basis of the inventory data presently available, it may be estimated 
that no more than 16 States could be considered to have program activities and 
authorizations which would permit them to hope that they meet AEC criteria for 
assumption of regulatory authority under Public Law 86-373. However, only a 
few of these States have the personnel and funds at present to assume the addi- 
tional burden of conducting comprehensive compliance inspections necessary fol- 
lowing assumption of licensing authority if granted. Additionally, in almost all 
of the States there exist presently unresolved questions of dual standards; that 
is, the requirements for present AEC licensees differing from those required 
for other nonlicensed radiation users within the State, and the problems of ex- 
tension of perhaps more restrictive AEC-compatible regulations to all radiation 
users. 

On the basis of all these considerations, it is estimated that no more than four 
or five States would be presently willing and able to seek agreements with the 
Commission for the assumption of licensing and regulatory authority as au- 
thorized under Public Law 86-373. 


Future status estimates 


It is estimated that by 1965, 10 to 15 States will be willing and able to apply for 
authorized licensing and regulatory authority, and that by 1970, no more than 
30 to 35 States will be in that position. Much depends, however, upon the final 
form of the presently tentative criteria, and upon the technical and financial 
assistance which can be obtained by the States from the Federal Government. 


GENERAL .- 


‘This estimate is made on the basis of the (presently) incomplete inventory of 
States programs in radiological health, and on the basis of personal contact with 
representatives of State departments of health with activities in radiological 
health. These inventories, commenced several years ago, do not include all of 
the information necessary to an absolute determination of a State’s capability to 
apply for the licensing and regulatory authority permitted under Public Law 86— 
873. For example, the Governor of a State must enter into an agreement with 
the Commission for such transfer of authority; our inventory does not deter- 
mine whether authority is granted to the Governor to enter into such agreements 
by State law. 

The finding of compatability of State and Commission programs with respect 
to regulation of radioactive materials, and the adequacy of a State’s program 
must be made by the Commission. This finding would presumably be based on 
the final version of the “Proposed Criteria for Guidance of States and the AEC 
in the Discontinuance of AEC Regulatory Authority Over Byproduct, Source and 
Special Nuclear Materials in Less Than a Critical Mass, and the Assumption 
Thereof by States Through Agreement,” recently issued by the Commission for 
comment. The degree of compatability, as defined therein, can only be estimated 
on the basis of the inventory information obtained, since such determination is a 
Commission responsibility. 

INVENTORIES 


‘To date, inventories have been completed for 40 States, ana 3 are in the 
process of being inventoried. 


LEGISLATION AND REGULATIONS 


Although 21 States have specific enabling legislation for radiological health 
activities, we do not know whether authority exists for an agreement between 
the Governor and the Atomic Energy Commission in this field. In many of the 
29 States which lack specific statutory authority for radiological health activities, 
the health agency and other interested State agencies indicate that they possess 
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sufficient authority for the implementation of radiological health programs under 
existing general public health or industrial health laws. Again in these States 
we lack information about the authority for the Governor to enter into an agree- 
ment with the Atomic Energy Commission, 

Thirteen States have regulations for radiological health; 3 have limited regu- 
lations; 11 have proposed or pending regulations; and the remainder have no 
radiation codes or regulations. Lacking a revision of 10 CFR 20 and/or model 
regulations promulgated by the AEC, we are unable to estimate the compata- 
bility of the regulations at the State and Federal levels. 

Twenty-three States require registration of radiation sources and 11 have 
proposed or pending registration requirements. 


PERSONNEL 


Sixteen of the forty States inventoried have one or more full-time employees 
engaged in radiological health activities. Thirty-five States have personnel 
engaged in such activities on a part-time basis, and five States presently have 
personnel in training. 


EQUIPMENT 


Thirty-one States have some laboratory equipment, and 36 States have some 


field monitoring equipment ; of these, approximately half have indicated that they 
need more. 


PROGRAM ACTIVITIES 


Thirty-two States have conducted inspection programs. These are for the most 
part in cooperation with the AEC inspectors or are X-ray installation surveys. 
About half of the inventoried States participate in joint inspections of AEC 
licensees On a more or less regular basis. 

Representative Hosmer. Are there any instances of these States not 
sending people up to Cincinnati that you feel should be sending them, 
aside from the stated reasons of no finances? If so, what is the real 
reason that they are not sending them? Are they disinterested ? 

Dr. Weser. Perhaps we gave the wrong impression, Mr. Hosmer, 
because actually all of these courses are oversubscribed at the present 
time. So we are forced to turn away some applicants for all 13 
courses, because we can only take so many trainees with our present 
funds. Next year this could be improved under the projected budget 
which Dr. Porterfield described to you. 

Representative Hosmer. I gathered the impression from you that 
even though your courses are oversubscribed there are some States who 
are not making any subscriptions at all, and you were worried about 
those States, 

Dr. Weser. No, sir; I don’t recall making that statement. 

Representative Honirietp. Maybe I should draw the line in my own 
remarks between those who are interested in receiving training and 
those who have accomplished legislative action in their States setting 
up model atomic legislation. 

Dr. Weser. Again I think this is explainable, too, in view of what 
we have heard so far in the hearings. I think a number of States 
are hesitating in acting on legislation or on the promulgation of rules 
and regulations under existing authority pending the outcome of the 
standards formulation program which we are examining here. It has 
been our experience in health work generally that Federal guides, 
and I did cite here in the preprint a number of examples—for exam- 
ple, the U.S. Public Health Service milk code—that by and large 

tates and local communities adapt the basic provisions of their own 
codes from ours. I believe this is a factor that will explain this seem- 
ing delay. It has not been a total delay. 
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Representative Hoturreip. This does not excuse the failure to estab- 
lish basic legislation which would set up agencies in each State who 
would have the authority to implement with rules and regulations 
these standards that are now being developed. The basic legislation, 
I think, has to come first in each State to place them in a position 
where they can assimilate these standards and implement them 
properly. 

Dr. Wei That is right. I think another added factor there, Mr. 
Chairman, one basic to consider in enacting any legislation is the 
assurance that one has a staff to implement it. So therefore this be- 
comes rather complex in practical application. In other words, even 
with the best of intentions for training and even appropriating funds, 
the legislatures must have some assurance that people are there to 
direct programs they establish. 

I have had cases, for example, within the last year or two of rep- 
resentatives from State legislature committees who have come to 
Washington to state that they are very interested in this. They would 
like to appropriate funds for the program if we could provide them 
trained pacts to enable a start in the State. So this again is a com- 
plex of administrative factors. 

Actually, as Dr. Porterfield has said, we have assigned 12 officers 
to the States. These are providing at least a nucleus about which pro- 
grams can Gare, 

Representative Houirrenp. I assume they are Sep people ? 

Dr. Weser. That is correct. Part of their duties would be training. 

Representative Ho.irretp. Let us get to some of the details between 
the differences between agencies in the radiation protection field. 
What are the distinguishing features separating the Public Health 
Service responsibility from the Food and Drug Administration re- 
sponsibility in radiation protection ? 

Dr. Porrerriecp. The Food and Drug Administration, under its 
acts, is concerned with the protection against contaminated foods and 
drugs and adulterated and mislabeled foods and drugs in interstate 
commerce. I understand this act also applies to appliances and equip- 
ment. So they may develop regulations and may pursue a program 
of enforcement in preventing any product of this nature from being 
sold to the public in interstate commerce that would be dangerous 
from this point of view. This differs from the Public Health Service 
responsibility in that we are not directed See toward foods 
and drugs, but toward the general public health, including the envi- 
ronmental hazards surrounding total populations = =_— 

Representative Hoxirretp. You would take care of situations such as 
water contamination and air contamination over large areas. 

Dr. Porrerrretp. That is correct. There is this difference, too, I 
should point out. The Federal Food and Drug Administration works 
on a direct Federal basis on the Foran whereas the Public Health 

Service has authority mostly to do research, provide technical assist- 
ance and training and to provide leadership for definitive action which 
shall be carried eM State governments. , 

Representative Horrrrevp. Will there be any oer he or dupli- 
cation in your biomedical research program and that of the AEC, or 
is it coordinated ? 
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Dr. PorrerrretD. We are working very hard, sir, to see that it is 
coordinated. Where we propose to into any research program, 
this is discussed with the people on the staff of the Atomic Energy 
Commission to be sure that it is not done already or being done. 
Where there will be duplication between the two oy cepa emi where 
they would both be doing the same thing, it would be because they do 
this eat to get two experiments to see if the results compare 
favorably. 

Raprésentelive Ho.irrevp. We hope you will watch this problem 
of duplication, because the committee is very much inte in this 
biomedical research program and we want to see it done well, and we 
want to be sure that there is no waste and duplication in it. It is too 
important, we think, to have waste and duplication in it. 

t think I asked you about training. You gave me the figures on 
the training. 

Dr. Porrerrtetp. Yes, sir. 

Representative Houirretp. Are there any further questions? If not, 
I would just ask you one thing. You had a reorganization in HEW on 
the environmental health problems. How did that affect your radia- 
tion section? Did it hurt or help it? 

Dr. Porrerrie.p. We cannot answer that question yet, sir. The re- 
a has not. yet been effected. We provided a report to the 
Subcommittee of the House Committee on Appropriations in which the 
Surgeon General reviewed the entire problem of environmental health 
today and in the years ahead, and also inventoried the present activities 
of the Public Health Service, in which it was admitted that while there 
has been an attempt at coordination of these various activities in our 
present bureau and organizational structure, they were not as close 
together as they might be, nor as closely coordinated as would produce 
the best effect. 

The final conclusion of this particular report was that the Public 
Health Service was not in a position to reorganize only for the purpose 
of its environmental health activities, but found in the process of doing 
this several other things that it must set its house in order about. The 
result is that on January 3, 1960, the Surgeon General appointed a full- 
time task force which has now reported to the Surgeon General on a 
completely new organizational structure for the Public Health 
Service. 

Part of this would require a change in statute. We hope that this 
will be presented to Congress even this session for consideration. Most 
of it, however, calls for action within our present statutory structure. 
These changes are being effected rather quickly at the present time. 
Most of them will not be in operation prior to July 1. We will have 
to tell you next year. 

To answer your question more specifically in anticipation, the Di- 
vision of Radiological Health will continue intact as it is now. It will 
continue in the Bureau of State Services until such time as there is a 
statutery authority for the Surgeon General to establish more bureaus 
than the law now provides, in which case it might be related more 
closely to the environmental health problems. . This is not to say that 
we concentrate exclusively on engineering, but upon the biological ef- 
fects upon man of the environment in which he lives. We hope to es- 
tablish a bureau for that particular purpose. 
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Representative Honirrep. Dr. Weber, will you give us a brief sum- 
mary of any point that you think has not been covered ¢ 

Dr. Weser. Yes, sir. I think that the main program elements have 
been. covered here, Mr. Holifield, plus what does appear in the pre- 
print, plus the formal statement. 

Baproggntative Ho.irietp. The material presented in your preprint 
is valuable. We appreciate your testimony here today, gentlemen. 

Dr. Porrerrievp. Thank you, sir. 

Representative Honirrmetp. Our next witness will be Mr.. Albert 
Abrahams, New York State Department of Labor. 


STATEMENT OF ALBERT ABRAHAMS,’ NEW YORK STATE 
DEPARTMENT OF LABOR 


Mr. Apranams. Late in 1955, industrial code rule No, 38 entitled 
“Radiation Protection” was made effective in New York State to con- 
trol hazards arising from the use of ionizing radiation in industry. 
Responsibility for administration of the code was placed with the 
State Department of Labor. 

Like those in other State and municipal codes, the standards em- 
bodied in code rule 38 conform to pertinent AEC regulations, notably 
those contained in Parts 20 and 30, Title 10, Code of Federal Regu- 
lations. However, there is nothing in rule 38 resembling the AEC 
licensmg procedure. The Labor Department places no restriction on 
how radiation is to be used, or who is to use it, other than requiring that 
it be handled in such manner as not to cause excessive exposure to em- 
ployees. 

The standards are based on those set forth by the National Commit- 
tee on Radiation Protection in the National Bureau of Standards 
handbooks, particularly Nos. 59, 61, and 69. Our basic requirements 
state that 

1. All radiation sources must be located, identified, labeled and 
registered with the Department of Labor; 

2. Hazards must be controlled in order that employees will not 
be exposed to excessive radiation from external and internal 
SOUrCeS ; 

3. Areas where a radiation hazard exist must be defined and 
indicated by warning signs or signals; 

4. A hazard survey or evaluation based on radiation measure- 
ments and operating tests, and including recommended remedial 
measures, must be made where necessary by a competent person; 

5. Personnel working with or exposed to radiation must be 
properly instructed ; 

6. All sources must be used only under appropriate and 
competent supervision ; 


1 Senior radiophysicist, Division of Industrial Hygiene, New York State Labor Depart- 
ment. 

Born New York, N.Y., Feb. 13, 1919; B.S., City College, CCNY, 1940; U.S. Army, 1941- 
46: chemist, Woodrow Offset Corp., 1946-48; physicist. New Mexico School of Mines, 
1948-49 : chemist, New York State Labor Department, 1950; statistician, New York State 
Labor Department, 1950-54; radiophysicist, New York State Labor Department, 1954 to 
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7. Where a possibility of excessive exposure. exists, personnel 
must be monitored with dosimeters, and air and water must be 
tested for radioactive contamination ; . 

8. Records of dosimetry, air sampling results and pertinent 
clinical data must be maintained by the owner or other person 
responsible for the source; 

9. Proper provision must be made for storage and safekeeping 
of radioactive material ; 

10. Where unsealed radioactive materials are used, radiation- 
measuring instruments must be readily available; and 

11, Instances of excessive exposure must be reported promptly 
to the Labor Department. 

About 10 States have radiation protection. codes similar to that in 
New York State. Nine additional States have no code but require 
registration of radiation sources. Eleven municipalities have drafted 
regulations for radiation protection and/or radioactive waste disposal. 
These regulations are consonant with the pertinent NCRP recom- 
mendations and corresponding AEC requirements. 

To date there are in New York State approximately 600 installations 
with nearly 7,000 pieces of radiation-producing equipment and, ex- 
cluding classified quantities of special nuclear material, 60,000 curies 
of radioactive material registered with the New York State Depart- 
ment of Labor. These figures represent a 100 percent increase over a 
4-year period. About 5,000 employees work directly with radiation 
sources in plants having a total employment of one-half million 
persons. 

Practically all installations, except those registered with us just re- 
cently, have been inspected and evaluated. Compliance under normal 
operating conditions with the occupational exposure limitations has 
been universally achieved. In a few cases it has been necessary to 
prescribe additional protective measures to insure that personnel work- 
ing in uncontrolled areas and for whom dose limits have been estab- 
lished as one-tenth of those prescribed for personnel working on con- 
trolled areas, would not be exceeded. 

In order of frequency, the most commonly encountered instances of 
noncompliance involve failures to (1) perform an adequate survey, 
(2) monitor exposed personnel, (3) maintain radiation records, (4) 
register radiation sources, (5) report accidental overexposures and (6) 
postradiation areas. 


EVALUATION OF INDUSTRIAL RADIATION EXPOSURES 


A recently completed study of nearly 5,000 exposed industrial work- 
ers in New York State indicated that near percent of their re- 
corded weekly occupational exposures were below 0.05 rem per week, 
or half the presently accepted exposure limits. 

Only in radium-processing and dial-painting plants, the aircraft- 
manufacturing industry, industrial testing laboratories, nuclear fuel 
element fabrication facilities, and radioactive battery manufacturing 
plants were there a significant number of employee exposures in excess 
of 0.05 rem per week. In all these installations control measures are 
being improved, and the trend is toward steadily decreasing exposure. 
The study demonstrated that the technical and administrative criteria 
58454—60——12 
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promulgated by the NCRP are certainly enforcible and feasible 
throughout a wide variety of radiation-using industries. The results 
of the study are in accord with the findings of similar studies made by 
several national atomic laboratories and large corporations in this 
country and by the British Atomic Energy Authority. The study 
also indicates that the extent of community exposure due to industrial 
radiation sources is low. It is no more than 0.5 rem per year to any 
individual outside of plants using radiation, and in most cases prob- 
ably no more than a small fraction of this value. 

It was not always possible in the course of the study to obtain com- 
plete and accurate information on precode exposure of radium workers 
and industrial radiographers employed since the 1920’s. One may 
legitimately infer, however, that many such workers have exceeded the 
maximum permissible lifetime exposure. 

There have been 14 verified instances of exposure to radiation in 
excess of the limits prescribed by code rule 38. Eight other reported 
instances were found to be the results of faulty dosimetric techniques. 
Seventeen employees showed various biological effects such as radia- 
tion burns, blood abnormalities, and retention of radioactive material 
in the body. The factors most frequently responsible for overexpo- 
sure were inadequate supervision, lack of awareness of the hazard and 
failure to nfavide or maintain appropriate protective devices. 

In general, the data indicate that the incidence of overexposure and 
injury is extremely low as compared with those ascribed to other 
toxic industrial hazards such as dusts and solvent vapors. 


PROPOSED REVISION OF CODE RULE 388 


Since July 1957 revision of rule 38 has been under study, mainly 
because of the need for incorporation of the new limits adopted by 
the NCRP. In essence, the proposed new standards would abandon 
the weekly dose as a unit for measurement of exposure in favor of a 
quarterly and cumulative lifetime dose. The latter is lower than the 
present limit by a factor of 3. 

Other changes would omit the requirement for labeling with the 
warning symbol the small sources now exempt from registration; 
change the criterion for exemption of high-voltage thermionic equip- 
ment for operating voltage to radiation output; make requirements 
for handling radioactive wastes within a plant consistent with the 
waste disposal rules set up by the State health department; require 
fireproof and waterproof storage facilities for large quantities of 
radioactive materials; require decontamination by the owner of a 
vacated radiation installation; and guard against accidental forma- 
tion of a critical mass in storage of fissionable material. 

The pu of the new proposals is to facilitate coordination with 
other regulating agencies. This will be especially important in view 
of the prospective transfer of licensing and inspection responsibilities 
from the AEC to State agencies. In addition the new proposals will 
provide standards for safe performance in areas not previously ade- 
quately covered, eliminate unnecessarily harsh restrictions which 
might discourage the safe use of radiation by industry, and keep 
standards in accord with the latest recommendations of recognized au- 
thorities on radiation safety. 
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On the whole, comments of individuals throughout industry and 
the Labor Department’s experience indicate that nearly all indus- 
trial users of radiation can readily ae, with the proposed new 
requirements. The small group of users who anticipate possible dif- 
ficulties in achieving compliance are planning measures to meet the 
new standards. 


PROBLEM AREAS IN RADIATION PROTECTION 


The Labor Department’s experience in administering code rule 38 
has clearly defined a number oPavene of radiation protection in which 
improvement of existing criteria is desirable. 

1. A need exists for standardization of radiation-measuring instru- 
ments and devices, whose design, construction, and performance should 
meet definite criteria. 

2. There should be an acceleration of activity in drafting detailed 
specifications to assist manufacturers and users of radiation sources 
in meeting operating standards. 

3. There should be standardization within and among official regu- 
lating agencies in recording exposures, bio-assay results, survey meas- 
urements, observation and other data to facilitate comparison of ex- 
perience. 

4, There should be greater standardization of qualifications of 
safety personnel. 

5. Existing pro s for education of the public on matters of 
radiological Sheath and safety should be expanded and improved. 
They should be designed to dispel misconceptions and to convey use- 
ful information in a readily understandable manner. 

Representative Howirrerp. I think most of those last five recom- 
mendations you made, Dr. Abrahams, are within the sphere of either 
~<——. or State responsibility; are they not? 

Mr. Asranams. Except where the AEC is concerned and possibly 
the Public Health Service. 

Representative Hoxirrerp. I am trying to see if the five points you 
brought out as needing improvement are a Federal or State responsi- 
bility. As I look at them, it looks like they should all fall within the 
State responsibility. Standardization of radiation measuring instru- 
ments, for instance; do you feel that should be a matter of AEC 
responsibility? Do you think the Federal Radiation Council should 
look at this, or do you feel that this is something that should be set- 
tled by the States? 

Mr. Aspranams. My opinion, based on my experience which is with 
the day-to-day inspection of radiation users and facilities, is that 
such matters as instrumentation really transcend the resources of an 
individual State. We cannot regulate manufacturers of instruments 
_ are outside of the State. We can only ask them to cooperate 
with us. 

Similarly in the matter of recording exposures, you have radiation 
workers moving from State to State. If one State requires their 
exposures to be recorded and another State does not, or even if all 
States require such recording and have different methods of record- 
keeping, it makes it very difficult to maintain records of individual life- 
time radiation exposures. 
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Representative Hotirrexp. In this instance, you are in effect advo- 
cating an accumulative radiation exposure record for each individual 
that works in these fields, are you not? We discussed that once before, 
this very point of moving from State to State and the individual 

oing from one State into another State and not having an accumu- 
Gis record with him. 

Mr. Asranams. That is right. The cumulative records of the indi- 
vidual by his social security number actually belong with the Federal 
Government rather than with the State. 

Representative Hotrrre.p, On your No. 2, there should be an accel- 
eration of activity in drafting detailed specifications to assist the man- 
ufacturers and users of radiation sources in meeting operating stand- 
ards. There again you think those criteria should be established 
on a Federal basis? 

Mr. ApranAms. You mean on an interstate basis? 

Representative Hotiriretp. Yes. 

Mr. Apranams. Yes, sir, in my contacts with manufacturers and 
suppliers and users, it has been made clear that they don’t want to 
meet 48 or 50 different sets of standards. Uniform nationwide stand- 
ardization can only be achieved by interstate cooperation or on the 
Federal level. The standards should be set for one and all to abide by. 
Otherwise, certain States might compete with others for radiation 
installations on the basis that their requirements are more lax, 

Representative Hotirrecp. You think the Federal Radiation Coun- 
cil should have a public member representing State organizations. 
We have our national organizations of State officials. 

Mr. ApraHams. Such as the Council of State Governments? 

Representative Hoiirrmetp. Yes; we have our municipal organiza- 
tions and so forth. Do you think it would be proper that the Federal 
Radiation Council would have a member that would be elected from 
your Council of State Governors that would bring particular prob- 
lems such as this to the attention of the National Council ? 

Mr. AsraHams. I think that would be a very valuable idea. 

Representative Hoxiirretp. Do you think that would perform a 
liaison ¢ 

Mr. ApraHaAms. Yes. 

Representative Horirrexp. Is there a liaison at this time other than 
just individual suggestions from State officials such as yourself? 

Mr. Apranams. As far as I know, the answer to that is “No.” 

Representative Hotirietp. I think your presentation here is partic- 
ularly valuable because you are a representative from one of the two 
States who have really advanced in this field. I think the State of 
New York is certainly to be commended for its energy and initiative in 
pushing ahead in this field and assuming the responsibility which the 
committee hopes that all of the States will accept. We find your sug- 
gestions at the end particularly valuable because they come from a 
person who has practical experience in meeting these problems in the 
field. Are there any further questions of Dr. Abrahams? If not, 
thank you for your appearance. 

Representative Hosmer. I would like to remark it is a very fine 
statement, particularly the recommendation at the end, I am just won- 
dering on the first two recommendations, regarding standardization, 
drafting detailed specifications and so forth, is that something that 
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would normally be done possibly by the American Standards Asso- 
ciation ? 

Mr. AsranAms. The American Standards Association has done 
very valuable work. Dr, Kleinfeld and I have served on several of 
their committees. However, they are purely a recommendatory body. 
What they recommend is not binding on industry. It does not have 
the foree of law. 

Representative Hosmer. You mean some existing Government 
agency or national advisory committee or something. I could think 
of nothing that could help out on your point No. 5 on public educa- 
tion more than to stop people from talking about this subject in a 
thousand different languages. Points 1, 2 and 5 are certainly inter- 
related from that standpoint. 

Representative Horirrevp. It might be well that FRC should look at 
that, because they are the national advisory body to the President. It 
might be very well that some of these problems could be taken up as 
part of their study for recommendations to the Congress, the Presi- 
dent, the Bureau of Standards. As consultants they could certainly 
reach into any field of government and require some advice on this mat- 
ter or set up a committee to study it. 

Mr. Asranams. With regard to standards, Mr. Chairman, our ex- 
perience prior to the enactment of code rule 38 was that industry, while 
accepting the criteria set forth in the various NCRP handbooks and 
American Conference of Governmental Industrial Hygienists tables 
of threshold limits as suggestions for good practice, did not neces- 
sarily follow them. However code rule 38 provided the legal 
mechanism to assure compliance with recognized standards. 

Representative Horirtetp. Of course, the only way we could pres- 
sure such a thing as that is that the AEC could require this as part of 
their licensing criteria. 

Mr. ApraHams. Yes, sir, they could. They have a licensing func- 
tion. I pointed that out. Before anyone can get isotopes he has to 
satisfy the AEC that he will meet its aeutderta However, anyone 
can buy an X-ray machine, lease radium, or purchase a particle ac- 
celerator without having to satisfy the requirements of any govern- 
mental agency. 

Representative Horirtetp. Or radioisotope measuring or counting 
device used in industrial plants. 

Mr. Asranams. That is true. 

Representative Hoxirretp. This points up some of the points that 
some of us have worried about all along, and that is a premature dele- 
gation of Federal responsibility to the States before the States could 
or would assume the discharge of that responsibility. I think your 
request here and your recommendations do point up the fact that the 
AKC must still continue to at least set the guidelines for people who 
use these materials because the local States in many instances are in- 


capable of having the background of experience and knowledge which 


the AEC has. ‘ 
Mr. Asranams. That is true. I believe the law that was passed 

states that each particular State must satisfy the AEC as to its capa- 

bilities. 

Representative Horirmrp. That is right. We wrote that in. 
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Representative Hosmer. Aside from that factor, however, there are 
instances such as standardization that are a nationwide matter and 
simply cannot be controlled by an individual State. 

Mr. Apranams, That is correct, 

Representative Hoitrretp. Thank you very much, sir. 

Tomorrow at 10 a.m., in this room, we will take up topic III-A, 
“Biological Concepts Underlying Radiation Protection Standards.” 


The committee will stand adjourned until tomorrow morning at 
10 a.m. 

(Thereupon at 4:35 p.m., a recess was taken until 10 a.m., Thursday, 
May 26, 1960.) 





RADIATION PROTECTION CRITERIA AND 
STANDARDS: THEIR BASIS AND USE 


THURSDAY, MAY 26, 1960 


Coneress or THE Unrrep States, 
SPeciAL SUBCOMMITTEE ON RapIaTION, 
Jornt Committees on Atomic EnErey, 
Washington, D.C. 

The subcommittee met, pursuant to recess, at10 a.m., in room P-63, 
the Capitol, Hon. Chet Holifield (chairman of the subcommittee) 
presiding. 

Present: Representatives Holifield and Hosmer. 

Also present: James T. Ramey, executive director; Carey Brewer, 
and Orerae F. Murphy, professional staff members; Hal Hollister, 
James E. Turner, and Richard T. Lunger, technical consultants, Joint 
Committee on Atomic Energy 

Representative Hotirtetp. The committee will come to order. 

The committee will continue its hearings this morning on the sub- 
ject of standards and our first. witness will be Dr. G. Failla, director, 
Radiological Research Laboratory, Columbia University. 

Our topic today is biological concepts underlying radiation protec- 
tion standards, 

Doctor, you will please take the witness stand there. We are glad 
to have you before us, sir. You may proceed. 


STATEMENT OF DR. G. FAILLA, DIRECTOR, RADIOLOGICAL RE- 
SEARCH LABORATORY, COLUMBIA UNIVERSITY, NEW YORK, 
N.Y. 


Dr, Faria. Mr. Chairman, I have a prepared statement here that 
I had intended to read. Since arrivin Mare last night, I have heard 
some comments about NCRP and the Federal Radiation Council, and 
I think it will be profitable if I talk extemporaneously, and discuss 
these matters that have been mentioned in the last 2 days, because I 
think they are rather important. 

Representative Horirreip. That is fine. We will accept your state- 
ment, and any part you do not cover will be printed in the record. 
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We will question you on the points in the statement at the proper 
time. 

Dr. Fariua. As stated in the press release of May 5, 1960, one of the 
purposes of these hearings is to “clarify some of the confusion and mis- 
understanding by the public and the scientific community concerning 
the basis and use of radiation standards.” My prehearing statement 
has already appeared in the advance committee print. Now I should 
like to emphasize a few points. 

There is public fear of ionizing radiation chiefly for the following 
reasons: (1) The vivid description and pictorial illustrations of the 
atomic bomb casualties at Hiroshima and Nagasaki; (2) exaggerated 
statements about the consequences of radioactive fallout made by 
scientists and others under emotional strain; (3) the intangible nature 
of ionizing radiation, which cannot be detected by our senses and pro- 
duces effects long after the exposure has occurred; (4) unfamiliarity 
with the terminology of the subject; (5) the impression that nobody 
seems to know much about the consequences of exposure to radiation. 

The horrible effects of overwhelming exposure to radiation in a 
nuclear war must be disassociated from the possible effects of con- 
trolled exposure in peacetime. I think most people do so now. The 
average citizen can, get a good idea of the present situation by 
observing people who have been occupationally exposed to radiation 
for a long time. Among these are radiologists, physicians, and den- 
tists who use radiation for the diagnosis: or treatment of disease. At 
one time or another most people come in contact with one or more of 
these specialists, It is a matter of simple observation that these indi- 
viduals cannot be distinguished from other doctors who have not been. 
exposed to radiation. Some of the very old radiologists or dentists 
may show skin damage in the hands or face, but no other signs. 

Of course, casual observation of this sort is not, proof that there 
has been no radiation effect. The point I wish to make is that the 
effect—if it exists—can be determined only by statistical studies of 
large numbers of exposed and nonexposed individuals... One such 
study has shown, for instance, that the incidence of leukemia in ra- 
didlogists (of the old school) ‘is significantly higher than in other 
medical specialists. Since this disease occurs also in nonexposed 
persons, no one can say for sure that the leukemia occurring in a par- 
ticular radiologist has been caused by exposure to radiation. At the 
present time there is no clinical or laboratory test by which the effects 
of occupational exposure can be detected in an individual exposed at 
the permissible level. With the exception of leukemia no other effect 
has Bout found to be significantly more prevalent in radiologists than 
in nonradiologists.. However, further studies of possible differences 
should be carried out while some of the old radiologists are still alive. 

Now, if it is difficult to detect radiation effects in radiologists, it is 
to be expected a fortiori that the effects produced in other Siar 
the public—exposed to much lower levels of radiation, would be prac- 
tically undetectable. These statements apply to somatic effects and are 
based on actual observations of fairly large groups of exposed indi- 
viduals over a long period of time. They are not 


esses... 
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pediments and diseases of genetic origin will assume greater and 
greater importance in our society. Therefore it is imperative to pre- 
vent a substantial increase in the pool of deleterious mutations in the 
population. With the discovery of a dose rate effect in the production 
of gene mutations in spermatogonia of mice by W. L. Russell and 
coworkers, I think it is now felt by geneticists that the recommended 
limit of 10 roentgens per generation for the genetic dose is satisfac- 
tory, since a large fraction of the dose would be received by the popula- 
tion at low dose rates. There is also another factor that may over- 
shadow the effect of exposure to radiation at this level. 

In a population in genetic equilibrium deleterious mutations are 
eliminated at the same rate at which they are produced, The pool of 
undesirable genes may be increased by increasing the rate at which 
they are produced (for instance by exposure to radiation) or by de- 
creasing the rate at which they are een Elimination takes 
place by the death of individuals carrying deleterious genes before 
they reproduce. Modern medicine makes it possible for a much higher 
percentage of babies to reach maturity and have children, | It is very 
likely that this will tend to increase the pool of undesirable genes in 
the population and that the effect ultimately may be much greater 
than that due to peacetime exposure to radiation. In that event, 
society will be forced to take suitable countermeasures irrespective of 
any exposure to radiation. Personally I believe that education of the 
public in this respect should start now. 

I should like to discuss next the matter of threshold and linearity 
of the dose-effect curves in the case of somatic effects. Everybody 
agrees that at present there is insufficient information to settle these 
points. I have attempted to explore the situation by formulating 
theories of the aging process and cancerogenesis. The problem. of 
chief concern is what happens when humans are exposed at very low 
dose rates throughout life or for a considerable portion of the life 
span. Since the dose rate is very low, the effect must result from some 
initial damage to an essential and very sensitive part of the cell. The 
cell nucleus is such a part. For the sake of quantitative study I have 
postulated that the primary damage is gene mutation in any body 
cell, although other possibilities exist. It is then assumed that on the 
whole cells with one or more mutated genes do not function properly 
and this malfunction eventually shows up as general aging aah the 
diseases of old age. According to this theory exposure to radiation 
should accelerate the aging process and there should be no threshold 
for this effect. Calculations based on chronic exposure of mice and 
extrapolation to man indicate that the life-shortening in man from 
occupational exposure should be Penne 1 day per roentgen 
of highly penetrating radiation received over the whole body. 

As to cancerogenesis, I have suggested that gene mutations in two 
specific loci are needed before a normal cell turns into a cancer cell. 
However, this is not at all sufficient to establish a tumor. For the 
cancer cell to divide and multiply it must find itself or lodge in a re- 
gion of tissue that is not functioning properly for a multitude of 
reasons. This forms the precancerous state emphasized by pathol- 
ogists. In this terrain the cancer cell can divide and eventually pro- 
duce a tumor. On this basis there should not be a true threshold in 
the induction of cancer by radiation. However, a practical threshold 
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may well be expected. In the first place the dose or chronic dose 
rate-effect curve will rise slowly near the origin and very steeply later. 
Therefore, it will be difficult to establish an increase in the incidence 
of cancer at low doses. Then it is well known that the latent period 
for the manifestation of a cancer is longer the smaller the dose, and it 
may well be that for very small doses the latent period is longer than 
the lifespan. There are also other factors that may operate to give 
the appearance of a threshold in the dose-effect curve for cancer induc- 
tion by radiation. 

It is my opinion at the present time that in the case of leukemia 
produced by chronic exposure at low levels, there is no threshold but 
that the dose-effect curve is curvilinear, rising rapidly at the higher 
accumulated doses. As for bone tumors I fee] that there is surely a 
practical threshold when the exposure is from external sources. 
There is good clinical evidence for this. There is also some “impres- 
sional” evidence. Radium dial wrist watches have been worn for a 
long time by very large numbers of people. The dose delivered to the 
bones of the wrist directly under the watch in a period of 25 years or 
so is of the order of 100 roentgens. Inquiry among bone tumor 
specialists reveals that the incidence of osteogenic sarcoma in the bones 
of the wrist is extremely low, especially in older persons and it is not 
higher in the left wrist (where most people wear watches) than in the 
right wrist. Of course, this is not a statistical study and the numbers 
in any one surgeon’s experience are entirely too small. I mention it 
only as being suggestive. Similar “impressional” evidence may be 
derived from the fact that dentists used to hold films in the mouth of 
the patient during radiography. Some must have received rather 
large doses in their fingers. any have developed cancer of the skin, 
but cancer of the bone in the hands of dentists is extremely rare. 
This is also true in the case of the pioneer radiologists. It might be 
worthwhile to make statistical studies along these lines. 

As to bone tumors produced by such internal emitters as strontium 
90, it is difficult to see in what way the effect of the beta radiation 
may be different from that of the secondary electrons produced in 
the bone by external X- or gamma rays. Yet there may be a difference 
and I prefer not to express an opinion on the matter of a threshold 
in this case. On the other hand, I feel quite sure that in the case of 
chronic exposure (by external or internal radiation) the dose-effect 
curve for bone tumors is curvilinear, rising rapidly at the higher 
accumulated doses. 

May I make another request to insert two publications in the record ? 
One is on the “Aging Process and Cancerogenesis,” and the other one 
is “The Shortening of Life by Chronic Whole Body Irradiation.” 
There are items in these papers that are pertinent to the present 
discussion. 

Representative Hortrreip. I understand they have been scrutinized 
by our consultants and they tell me they are pertinent, and they 
should be in the record, so they will be accepted. (The material re- 
ferred appears on p. 194.) 

Dr. Faria. I have heard that some statement was made here yes- 
terday, or the day before, about the operation of NCRP or ICRP, 
that their discussions are conducted in an “ivory tower,” irrespective 
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of practical requirements, and so on. I would like to speak to that 
subject. briefly. 

In the first place, most of the members of these committees or 
commissions are people that use radiation in their professional activi- 
ties or industry. They are familiar with the practical requirements, 
the facts of life. They have to live with it. Therefore, those things 
are taken into consideration in the deliberations of these two 
organizations. 

At first, away back 25 years or so ago, the radiologists were about 
the only ones that were concerned with these problems. Obviously 
they were directly interested in the practical applications of radiation 
and also the cost of the protective measures that were recommended by 
these commissions, because in most cases the radiologists had private 
offices, and they had to pay for the equipment and protection that 
was necessary around the X-ray machines. So it cannot be said that 
they were not considering the practical side of the situation. 

It would have been much easier for these committees or commissions 
to set one level of dose—permissible dose, if you wish—for all tissues 
and organs of the body. It would be very simple to make the recom- 
mendations in terms of one permissible limit. But instead of that, 
different values were adopted, and they were adopted for practical 
reasons as well as scientific reasons. 

I can give you an example. The permissible value for the skin was 
set at twice the value for the bl forming organs. The scientific 
reason for doing that is that the skin is known to be more resident to 
radiation than the blood forming organs. Damage to the skin at 
worst leads to the production of skin cancer, which is mostly curable; 
whereas damage to the blood forming organs at worst leads to the 
production of leukemia, which is an incurable disease. Therefore, 
there is good scientific background for making the dose to the skin 
higher than the dose to the blood forming organs. But there was a 
practical problem, and the practical problem was that at least in the 
old days before the question of internal emitters came up, the skin 
would always receive a larger dose than the blood forming organs, 
because the radiation came from the outside. Therefore, from the 
rr. standpoint the dose to the skin—the permissible dose—being 

igher, would make it less stringent to provide protection for the skin 
than if the permissible dose was the same as for the blood forming 
organs. 

The next example in another case in which the dose was set higher 
for essentially the same reasons. The permissible dose for the thyroid 
in the case of radioactive iodine which concentrates in the thyroid has 
been set at the level of the skin dose, simply for the reason that it was 
desirable to do that from the practical point of view of atomic energy 
installations; and from the scientific point of view, because it is known 
that the thyroid gland in the adult is rather resistant to radiation. 
Whether that should extend to the population is another matter, be- 
cause in the case of the population we are dealing with children, as well, 
and in that case the thyroid gland may not be rather resistant to radia- 
tion. 

As another example I might mention the “3 r in 13 weeks” recom- 
mendation. At the time when this was introduced the limit was 0.3 
r per week. It would have been simpler just to state that, and that no 
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single dose should exceed 0.3 r. But for practical considerations, be- 
cause some work at times required exposures of the order of 3 
roentgens, the limit was set at 3 roentgens in 13 weeks, which could 
be received at one time if that was necessa 

There again there were practical considerations and scientific con- 
siderations which indicated that one did not add to the hazard very 
much by allowing a single dose of that magnitude, provided it did not 
happen very often. 

Another situation in which practical considerations played a large 
part was in the permissible dose recommended for the hands and fore- 
arms. It is necessary for radiologists, for instance, who use radium 
in the treatment of disease, to come close to the source of radiation in 
applying it to a patient and the hands would necessarily receive the 
largest dose. It would be very impractical to say that the hands of a 
radiologist should not receive more than 0.3 r per week or 0.1 r per 
week, because in many cases it could not be done. Again there had 
been a great deal of experience with the exposure of the hands of 
radiologists to X-rays or radium rays and it was justified to say that 
25 r in 13 weeks, or 75 r in one year was not an excessive dose, so far as 
the skin of the hands is concerned. 

Representative Hoxtrtetp. This, of course, would not have been 
true if it had been the whole body. 

Dr. Fama. No; this would not have been true had it been the whole 
body. What I am pointing out is that these variations were made for 
practical reasons. 

The same thing applies to the accidental dose of 25 r in a lifetime. 
One does not plan accidents, but there is the very practical question of 
what you do with an important scientist who happens to be exposed in 
an accident or unintentionally to a dose of 25 r. Do you tell him that 
he can’t work any more in his profession for a certain period of time? 
It was decided that 25 r was not such a large dose that special measures 
would have to be taken. Therefore, a whole body dose of 25 r was 
allowed if it happened only once in a lifetime. 

A permissible dose for emergency situations was also suggested, 
but at 12.5 r, in order to be sure that if there was some complication 
or some error in the measurements it would still not exceed the 25 r. 

T could go on and mention others. 

Representative Hotrrretp. Doctor, } think you have established the 
case, and you have rescued these people from the ivory tower. The 
Chair will concede that they are now rescued, if they were ever there. 

We do have some very pertinent questions we wish to advance at 
this time. We realize your background of experience in this field 
and you are a very valuable witness to us this morning. There are 
certain things we want to get on the record which the staff believes 
are necessary for our particular interest. So I will ask Mr. Hollister 
to start asking you questions, or Dr. Turner, either one. 

Mr. Hotutster. Dr. Failla, I would like to address several auestions 
designed to explain for the record your concepts of such things as 
maximum permissible doses. But I would like to ask vou in answering 
to make a sharp distinction between NCRP and ICRP, if there are 
anv differences. 

The first question, then, would be what do you think NCRP and 
TCRP mean by a maximum permissible dose ? 
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Dr. Fatuua. At one time the terminology was the tolerance dose. 
Whether it was actually based on the assumption of a threshold is 
irrelevant. The fact remains that it was considered to be a safe dose, 
and that no effect would be produced during the lifetime of the 
individual. 

At the time that Handbook 59 was being prepared, the committee 
decided that this was no longer valid. There was a possibility of 
some damage appearing during the lifetime of the individual and 
therefore we should come out and say so definitely, and introduce 
the concept of a dose that was low enough so that any damage that 
would occur in the lifetime would be acceptable to society. This 
was so stated in essence in Handbook 59. 

Therefore, the term “maximum permissible dose” was introduced 
at that time, and was introduced with the idea of distinguishing from 
the concept of a dose that would produce no effect whatsoever during 
the lifetime of the individual. The genetic problem has always 
existed and we knew that any amount of radiation would produce 
some genetic damage. 

Mr. Hotuister. Then your concept of the present meaning of the 
term is in relation to the risk to the individual exposed during his 
lifetime, is that correct ? 

Dr. Fatmua. Yes. As far as the occupational maximum permis- 
sible dose is concerned. Yes. 

Mr. Houutster. This risk is not zero? 

Dr. Fata. No. 

Mr. Hotutster. In the present concept ? 

Dr. Fatixa. That is right. 

Mr. Hottister. It is what? It is acceptable to society. Is that the 
term you would use? 

Dr. Fatma. I would say yes, that was the intent. I think what 
vou are going to ask next is how did you “balance.” 

Mr. Hotutster. I would rather say how was the decision of ac- 
ceptability formulated and how was it decided or resolved. 

Dr. Fartia. This balancing of harm and benefit is something that 
is talked about and makes a good appeal and seems to be very sound, 
but actually in practice it is never used for the simple reason that one 
cannot determine the damage, and one cannot determine what benefits 
are going to accrue, because they are tenuous things. For instance, 
the benefit particularly is very tenuous in the sense that you don’t 
know what developments are going to occur. So how can you base a 
permissible limit on what may happen 10 or 15 years from now? You 
have to take the situation that exists at the time and say, now if we 
use such a limit, what is the probability that some damage may occur 
in some individuals? What effect will this limit have on industry, on 
the users of radiation, such as medical practitioners, ete. Is it going 
to be a terrific burden? Is it going to be very expensive? How can 
the people concerned be made to agree ‘to this limit? After all, 
NCRP or ICRP are not legal agencies.’ They havé no power to en- 
force anything. They can only recommend. It has been really sur- 
prising that in the course of some’ 25 or 30 years’ practically everybody 
has followed the recommendations of NCRP in this’ country; and 
ICRP in other countries. 
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Mr. Howuisrer. Do you feel that. these questions you just recited 
are questions that the ICRP and NCRP have asked among themselves, 
and have given at least qualitative answers to? 

Dr. Fama. Yes. They are in the minds of all the members of 
these commissions because of the fact that the people who are mem- 
bers of the Commission are people who use radiation, or are employed 
by concerns that deal with radiation. Therefore, they have to think 
of the practical side as well as the scientific side. 

Mr. Ho uisrer. Supposing a potential user of radiation consults an 
NCRP handbook or ICRP report which for this purpose is simply a 
table of maximum sainieciite doses and some language discussin 
their development. What is the user supposed to do with this table! 

Dr. Fartia. The user can disregard it completely if there is no legal 
force behind it, but the user did not disregard it even before State 
codes were adopted and also before the AEC issued legal regulations 
by publishing them in the Federal Register. These are forces that 
compel the user or the employer to use these regulations: there are 
insurance problems; there is the feeling of the workers themselves, 
and so on, that made it necessary essentially for the employers to com- 
ply with these regulations, even though they had no force of law at 
the time. 

Mr. Houuister. Dr. Failla, I was not really questioning motivation. 
I was really asking this question: Supposing an intelligent potential 
user was predisposed even without the force of law to want to use these 
tables, but his problem is he does not know how to use them, and he has 
no way of finding out except to read the handbooks or ICRP reports, 
how is he supposed to read them ? 

Dr. Fatiia, This question of interpreting technical language always 
comes up. Ihave always had trouble understanding the language of a 
life insurance policy or any insurance policy. I read the thing and 
I don’t know what it is all about. I have to ask my insurance agent 
to tell me what is and what is not covered. 

Representative Hotirretp. You depend upon the expert to tell you. 

Dr. Fama. I depend on the expert to tell me in my own language. 
I can see the point of view of those who question the wording of these 
regulations because I have questioned the jargon of the insurance 
business. Why can’t an insurance policy be written in simple form! 
It could not be put in simple form because lawyers have certain termi- 
nology that they have to use in order to be properly interpreted by a 
court. We cannot put these things in words that the average indi- 
vidual understands because they are too technical. The difficulty is 
not in the language. The difficulty is in the subject. You cannot 
make a subject simple simply by wishing that the experts would use 
simple terms. You just can’t change the laws of nature by changing 
the language. 

Mr. Hotuisrer. Isn’t the practical implication of this situation that 
the potential user that we are thinking about, the potential intelligent 
user, will tend to regard these numbers as numbers which he must stay 
below perhaps without considering the theoretical questions of 
whether he has absolute safety or not. He will say to himself, the 
experts have thought about this, they come out with a table of num- 
bers, I can’t figure out what the numbers mean, but I gather if I stay 
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below them, I am all right, if I go above them I might be in trouble. 
So I will stay below them. 

Dr. Fama. If he takes that attitude he is perfectly correct. 

Mr. Hotiister. Did the NCRP or ICRP have in mind when they 
developed the numbers that this is the kind of decision that the user 
would make ¢ 

Dr. Fatua. So long as they are not legal codes, then the NCRP only 
can hope that this will be the way they will be used. 

Mr. Ho.uisrer. So it was the intention, as you understand it, of the 
NCRP and ICRP that these numbers be treated by a potential intelli- 
gent user as levels that he should stay below in his application of atomic 
energy. 

Dr. Fama. Exactly. 

meg hy Houirretp. What range of applications do you feel 
that the NCRP and ICRP reports were intended to cover? 

Dr. Fama. They were based on the assumption that the individual 
would continue to work with radiation for the rest of his life, because 
that is the only assumption one can make when there is no compulsory 
system of exposure recordkeeping for all individuals and no one 
can predict how long the individual would work with radiation. The 
only safe assumption would be that he may continue to work with ra- 
diation essentially for the rest of his working life. Therefore, these 
limits are set on the basis of continued exposure over a long period of 
time. There has been talk about making recommendations for limited 
exposures. But that introduces many, many complications. 

The question of administration is a very serious problem in that case, 
because an employer, for instance, might say “I am going to use this 
worker to do a certain job for 2 years. After that I am going to fire 
him or put him somewhere else.” The individual who gets expert in 
doing a certain thing that requires higher exposure to radiation leaves 
that employer and goes somewhere else, and may do the same thing 
there. Bo there is no Ronmanien of what the individual would get 
unless there is either a limit on exposure rate that will permit him 
to work throughout his life, or absolutely foolproof records that would 
permit the next Sn eEtT to know exactly what this fellow has re- 
ceived, and whether he should employ him or not. 

This leads to the question: i e man has been ov or 
exposed above permissible limits for a certain period of time, can 
he get a similar job somewhere else if the employer knows about it? 
It is a very, very ticklish situation. 

Mr. Hotuister. Do you feel that any appreciable violence has been 
done to the intent of the NCRP, as you have expressed it, in the taking 
of these tables of maximum prone dose and putting them into a 
i code or regulatory code 

r. Fartta. No, I don’t think so. I think it has been done in the 
proper way. For a long time I was against it. I was against the 
the use of numbers in legal codes for the simple reason that these 
values are not firm values. We want to change them as often and as 
quickly as it is desirable. 

Representative Hotrrratp. They can be changed by regulation. If 
this pogroms is a matter of administrative regulation, as more 
knowledge is obtained, they can be changed. 

Dr. Faria. Yes. 
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Representative Hottrtexp. It is true it is not as flexible as if there 
were no requirement at all, but on the other hand, you balance the risk 
of no requirement at all against the risk of a semirigid requirement 
which can be changed. 

Dr. Fama. Yes. At that time, I had the feeling that if the States 
adopted legal codes embodying these figures—one set of figures—at 
the time that the code was formulated, it might take quite some time 
to. have the 50 States change all these codes. 

Representative Horirretp. This would be true if it were in statute, 
If it were in administrative rules and regulations based on enabling 
statutes, it would not be true. 

Dr. Famuia. Yes. The thing I recommended at the time was that 
the legal document should be worded in sucha way that the values 
would be those recommended by the NCRP at any time. But the law- 
yers were against that. They said that could not be done. I think 
the necessity of the legal codes is obvious today. There is no question 
about it. You have to have regulation. 

Representative Horirtetp. The prestige and respect of the NCRP 
has obtained in the past ce general consent. 

Dr. Fama. Yes; that is right. 


Representative Horirrevp. It is assumed that they will continue to 
act so responsibly that the administrators of these rules and regula- 
tions would be cognizant of any change and would implement any 
change. 

Dr. Fama. Yes. 

Representative Horrrmip. As long as NCRP deserved that respect. 


Dr. Fata. Yes. 

Mr. Ho.uisrer. Then to summarize this section of the discussion, 
is it a correct statement of your view that the actions of the NCRP 
and ICRP amount to a reconciliation of biological data on the one 
hand, with some practical estimates of the practical problems of occu- 
pational exposure, not only in ‘radiology but in atomic energy plants 
and so forth, with the contemplation that the numbers, once published, 
might go into regulatory form, or might be used as absolute go-no-go 
limits, by the user who was intelligent but not having the background 
to know perhaps more precisely what the NCRP or ICRP intended! 
Ts that a fair summary? : 

~ Dr. Fatira. Yes; that is correct, except that I would like to comment 
on this go-no-go. If you have a legal limit, it has to be a definite 
figure. You cannot.limit the interest that a bank can charge on loans 
by stating that it shall be reasonable. You have tosay it cannot exceed 
6 percent. 

Mr. Hotutster. The ICRP reports and NCRP reports, if I read 
them .correctly, usually contain some statement about the fact that 
exposure should be kept as low as possible. How seriously is such a 
statement to be taken? 

Dr. Fata. I think the statement has been taken seriously in the 
past judging by the fact that some user's have introduced. additional 
“safety” factors of their own to be sure that they kept within the limits 
recommended by ICRP and NCRP. ‘In fact the reason why there 
has not beer too much opposition to the lowering of these limits has 
been because already the values used by industry embodied. certain 
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factors of “safety” which made it possible for them to accept the lower 
limits without incurring very large expense. 

Mr. Houuister. Really these are not factors of safety in the strict 
sense because the levels are lower than the numbers in the tables, but 
the statement that the exposures should be as low as possible in the 
first place would tend to say that if you can get them down, they ought 
tobedown. Isthat a correct interpretation ? 

Dr. Fama. Yes; that is right. 

Mr. Ho .uister. Let us go to the question of environmental and 
population levels. Considering the nature of the decision which the 
occupational maximum permissible doses represent, how do you ration- 
alize the conversion of maximum permissible doses to population limits 
by the application of some factor, such as a tenth or a hundredth or a 
thirtieth or some other such number. 

Dr. Faria. The application of a factor is a simple and convenient 
way to bring the value down without having to specify it. Actually 
the consideration is why should the value be lower for a population 
than it is for a group of people. I am not talking about genetic damage 
at the moment, but somatic damage. That is a very difficult problem 
to decide—why should it be lower? If there is a threshold, then there 
is no reason why it should be lower because if the dose set for occupa- 
tional exposure is below the threshold, which means it produces no 
comma. then it should be the same dose for the general population 
as well. 

One important item is the presence of children and pregnant women 
in the general population. It is knewn that the embryo is very sensi- 
tive and especially at certain times in the gestation period. So that 
one has to set the dose quite low to protect the embryo, to protect 
children who probably are also more sensitive to radiation than adults. 
Aside from that, there is the question that the exposure would be 
longer because it starts at conception rather than at 18 or 20 when 
the individuals begin to work. Also, there is the matter of the so-called 
latent period, so that the earlier the exposure starts, the earlier in the 
life of the individual is the effect manifested. Therefore, these things 
indicate that the limit for a population should be lower than for a 
selected group of adults who are under reasonably good control 
medically in an industrial plant. 

Mr. Ho..ister. What kind of a decision do you think a maximum 
permissible limit for a population represents? Do you feel it is the 
same sort of decision that would apply for the occupational worker, 
excep that the population is more heterogeneous, or do you feel that 
the decision itself is basically different ? 

Dr. Fatia. The decision is basically different in this sense, that 
the genetic hazard plays the largest part. Geneticists have been say- 
ing for many, many years that exposure to radiation should be kept 
at the minimum and this is particularly true in the case of a large 
population in which people intermarry. So long as you talk in gen- 
eral terms like that, you don’t accomplish anything, because what is the 
minimum? By what criterion do you decide? The Genetics Com- 
mittee of the National Academy of Sciences was really the first group 
that had the courage to set a figure in numerical terms (10 roentgens 
from conception to age 30) as the maximum dose that the population 
should receive without incurring too large a genetic hazard. Actually 
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no geneticist really likes to make that decision. In fact, the group in 
England that had the same responsibility dodged the issue and said 
this should be done by the International Commission on Radiological 
Protection, but suggested that it should not be more than background 
or of the order of magnitude of background radiation. 

The American committee sized up the situation, decided that a fig- 
ure was necessary, and produced a figure. That, I think, was a very 
important step. 

Now having set the limit on the basis of genetic hazard, then the 
question comes up: How do you set the figure for somatic damage to 
the population? From external radiation there is no problem at all, 
because if you have to have a level low enough to meet the genetic 
requirement, then you automatically meet the requirement for somatic 
damage, because somatic damage is not so important as genetic dam- 
age. The trouble comes when we are dealing with internal emitters 
in which perhaps only one organ is involved. The strontium 90 prob- 
lem has attracted most attention because of the publicity about radio- 
active fallout. One criterion that can be used is that if we permit all 
the organs of the body to receive a certain dose—for instance, the dose 
recommended by geneticists—then if the exposure is limited to a single 
organ, it is reasonable to assume that the dose in this organ could be 
higher than the whole body dose. I think that is a reasonable basis 
on which to operate and the limit for an internal emitter that concen- 
trates in a single organ is something like three times the whole body 
permissible dose. 

Mr. Houuister. Dr. Failla, 1 would like to go on now to restate a 
question I asked you in connection with occupational limits, this time 


for R° sulation limits. What range of decisions do you suppose that 


the RP and ICRP had in mind for which the population limits 
might be applied, recognizing now what we are talking about un- 
controlled populations and people have to decide whether they are 
going to introduce new sources of exposure into the environment, 
whether it is fallout, nuclear rockets, or some other source. What 
range of decisions would you say that these limits were imagined to 
cover—a complete range or a partial range ? 

Dr. Fama. I am not sure I understand what you mean by range of 
decisions. 

Mr. Houister. Would you suppose, for example, that a Federal 
ne should decide whether or not to destroy contaminated food rn 
plies based on these limits? Would you suppose that a nation should 
decide whether or not to test nuclear rockets or other military vehicles 
that would introduce environmental contamination and thus raise 
the exposure based on these limits, or would you say that these limits 
were intended for more conventional types of decisions, such e: an 
industrial plant trying to decide how much stuff to release up a smoke- 
stack or in a river? 

Dr. Faia. These limits were set for conventional types of exposure 
in peacetime. These problems that you bring up involve matters of 
national policy. Matters of national policy could not ibly be de- 
cided. by an organization such as NCRP or ICRP. Those things in- 
volve very serious decisions to be made that could not be made by a 
group such as NCRP. The establishment of the Federal Radiation 
Council actually should have been done many years ago because of the 
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fact that these problems did come up and there should have been some 
Central Government authority that could decide these matters, taking 
all things into consideration—the safety of the Nation and everything 
else. 


What do we allow for the testing of atomic weapons? What do we 
allow for something else ? 

Mr. Houxister. Would you say, then, that in your own personal 
estimation the primary need for a Federal Radiation Council, in the 
first place, was to relate the technology from biology and radiology 
and other fields to these matters of national policy? Would that 14 
your idea of the purpose or the need for the Council in the first place? 

Dr. Faria. As I pointed out before, I think there is a need for a 
body at a very high level to make decisions of national policy that in- 
volve health hazards to the population, to be weighed against benefits 
of one kind or another. 

Mr. Hoxiister. Would this body set levels or would this body simply 
make broad policy decisions from which another body, perhaps techni- 
cally qualified, could use as a point of departure? 

Dr. Fama. I would like to discuss that because that is one thin 
that bothers me about some of the things I have heard about the Fed- 
eral Radiation Council. I have been traveling practically the whole 
month, and I have not had time to read the staff report. I have only 
glanced at it. It is not quite clear to me just what the function of the 
Federal Radiation Council is to be. It seems to me that at the moment 
they are thinking of issuing vague so-called radiation protection 
guides to Government agencies, and then let the Government agencies 
decide whether they should go higher or lower than these guides. For 
legal purposes, these agencies will have to set definite values. You 
cannot operate with a guide that tells you you can go up or down. 
You have to have definite numbers that you cannot exceed. Therefore, 
it seems to me that under this scheme the agencies will have to set the 
legal limits in numerical terms. 

If they do that, you may find that one agency, the AEC, for instance, 
will set its own limits. The Public Health Service will set its own 
limits. They may not be alike. There may be great confusion 
developing in due course of time if this thing is allowed. 

Representative Hortrrecp. On the other Saad you have already 
spoken of variations from the norm in which the hands of a radiol- 
ogist are given additional radiation, more than the whole body, or 
more than the population. Considering the different functions of the 
AEC in developing ANP—the aircraft nuclear propulsion—and the 
type of occupation that might be involved in that experiment on 
behalf of the national safety. Is it not true that an agency such as 
that would have to be in a position where it could adjust certain levels 
in certain restricted environments with the full knowledge of the 
people involved in the operation that this was occurring? Whereas 
on the other hand, the Health, Education, and Welfare people might 
very well scrutinize more carefully the concentration of radioactive 
emitters in food. So I can see if you have guides where the norm is 
that you must stay within the range of zero up to zero plus, that there 
still might be certain areas where you would go beyond that. But if 
you go Sapo it, it would have to be justified and it would have to be 
made known to some responsible central body. 
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I would assume if the Federal Radiation Council performed its true 
function, it would be the very function of having a central depository 
of information and having cognizance of the departure from the norm, 
and possibly some right to issue under specific circumstances permis- 
sion todepart from what would be the norm. 

Dr. Faria. That is exactly what I have in mind. 

Representative Hoiirretp. Do you have in mind that it should be 
done or that you are against it? 

Dr. Faria. This should be done. It is necessary to make modifica- 
tions for matters of national policy, as I pointed out before, or to 
promote a certain industry, and so on, which is to benefit the country. 
What I am objecting to is the fact that the Federal Radiation Council 
suggests the range and the other agencies are going to set the limits. 
I think it should be the other way around. The Federal Radiation 
Council should set the limits. If the other agencies have any diffi- 
culty in meeting these limits under certain circumstances, they should 
go to the Federal Radiation Council, explain the situation, say we 
cannot operate under these limits, it is very important for us to carry 
out this work, it is to the interest of the country, military and other- 
wise. Therefore, we should have a ruling from you that it is permis- 
sible, that it is legal to operate this plant or this airplane or nuclear 
propulsion vessel or whatnot, at higher levels of exposure. 

Representative Hottrretp. Any fear you might have would be based 
on an arbitrary action without proper justification of the Radiation 
Council. 

Dr. Faria. I am afraid of the confusion that may arise. Also, 
the unions could well ask: Why does Argonne National Laboratory 
operate on a certain limit and Oak Ridge National Laboratory on 
another limit and the Public Health Service, on still another limit ? 

Representative Horirietp. They do operate at different levels. This 
is the confusion which can be explained if it is out in the open and 
everybody knows that it is happening. But if you do not have a 
Federal Radiation Council as a central clearance house for this type 
of thing, then the variations might go unnoticed and unchecked. 

Dr. Fama. Yes. 

Representative Ho.irretp. That is where I can see a Federal Radia- 
tion Council could have a very beneficial effect. 

Dr. Fama. I am saying it is very important to have a Federal 
Radiation Council but instead of leaving the decisions as to what the 
limits should be to the different agencies, the Council should make 
those decisions. 

Representative Horirretp. As I understand it, that is what is 
planned. Maybe I am under a misapprehension. I know that the dif- 
ferent agencies will have to implement rules and regulations, but I 
would assume that if any rule or regulation is issued by the AEC which 
departs from the norm that it would be a matter of submission to the 
Federal Radiation Council. 

Dr. Fatnxa. It does not say so. 

Representative HotirteLp. Let me read point 7. It is recommended 
that the Federal agencies apply these radiation guides with judgment 
and discretion to assure that reasonable probability is achieved in 
the attainment of the desired goal of protecting man from the un- 
desirable effects of radiation. The guides may be exceeded only after 
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the Federal agency having jurisdiction over the matter has carefully 
considered the reason for Sted so in light of the recommendation 
in this paper. 

Dr. aa Yes. 

Representative Houirrep. I don’t know exactly what is involved in 
that except that I would think that careful consideration of it would 
include notification of the Federal Radiation Council. 

Dr. Faria. It does not say so. 

Representative Hotirretp. Maybe it does not say so. Maybe it 
should say so. 

Dr. Fata. I think it should say so. 

Representative Houirietp. I agree with you. 

Dr. Fara. I think the limits should be set by the Federal Radia- 
tion Council. 

Representative Hoxirievp. I agree with you, it should say so. Mr. 
Ramey has a question. 

Mr. Ramey. We had quite a discussion of the effect of this item 7 
yesterday from a legal standpoint and also from the standpoint of 
public policy. You have the Federal Radiation Council, which is 
operating within the Office of the President, that does not even let 
Congress see what it is doing, set these standards. You are saying 
that they should set them in such a way that a Federal agency can’t 
apparently exceed them. Yet there is no opportunity for hearings. 
There are no public members. They are not taking into account the 
social science side of the field at all. 

Dr. Famtia. Then I think Congress should change all that. I think 
that the Federal Radiation Council should have final responsibility 
for the limits under which certain industries or agencies or whatnot 
operate. 

Representative HouirteLp. Doctor, you know we plant a seed and 
then the tree comes up, and then we prune the branches. This is true 
in legislation. We planted a seed when we insisted that this be a 
statutory council. I would bé a bit surprised if there will not be addi- 
tional legislation involved as the years go by. 

Dr. Faia. Yes. 

Representative Hoxirtetp. I notice the comment on No. 7 in the 
report is pretty vague. There is a lot of vagueness in this memo- 
randum of the FRC. I do notice one line there, “The Council will 
follow the activities of the Federal agencies in this area and will 
promote the necessary coordination to achieve an effective Federal 
program.” 

This could mean a lot and it could mean very little. 

Dr. Faia. That is right. 

Representative Houirietp. They might follow it from a long dis- 
tance or they might follow it very seaiie. I am certainly in ac- 
cord with what you say. 

Mr. Hotuisrer. Dr. Failla, I would like to ask you two questions. 
This memorandum of the Federal Radiation Council, signed by the 
President, confines its words to normal peacetime operations, with- 
out a precise definition of what that is. 

My first question is, I take it in your remarks about the desirability 
of having the Council not be quite so elastic in its guides, that you 
are thinking also about essentially conventional operations. You are 
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not implying there should be one set of numbers for all possible de- 
cisions that the Government would have to make in the field of na- 
tional policy. Is that correct ? 

Dr. Fama. That is correct. I think the purpose of the Council is 
to change these limits according to the requirements of national pol- 
icy. Perhaps NCRP could continue to make recommendations as it 
has in the past. Then when some of these recommendations pinch on 
certain Government agencies or for certain activities, the Federal 
Radiation Council could say: “All right, in view of other considera- 
tions that we have taken into account, you can operate at a higher 
level.” 

Mr. Houuister. Do I take it, then, out of this point that you would 
imagine that the NCRP should continue pretty much as it has in 
the past to continue to evaluate biological data and set up some kinds 
of maximum permissible doses pretty much as it has in the past? Is 
this your view ¢ 

Dr. Faria. I should hope so, because the NCRP has served a very 
useful purpose. Just imagine what would have been the situation if 
there had been no recommendations at all and no guides to go by 
during the days of the Manhattan Project, when all of a sudden 
millions of curies of radioactivity had to be handled. If we did not 
have any guides at all, it would have been a very serious problem. 

I think the NCRP and ICRP and all such organizations deserve 
credit for having taken this thing into their hands. Nobody appointed 
them. Nobody asked them to do it. They voluntarily, without any 
financial gain, got together, made these recommendations, have stud- 
ied the problem for many years, and have produced very useful, 
shall we say, “guides” for the protection of workers and for the 
protection of the public. 

From time to time, the question came up as to whether ICRP should 
limit its activities to occupational exposure. For a long time I was in 
favor of doing that. But nobody was doing anything about protect- 
ing the public. So I changed my views and urged that ICRP make 
recommendations that would apply to the population at large. It 
is not the business of any group like that to make such recommenda- 
tions, but nobody else was doing it. Therefore, we took the situation 
into our own hands and made recommendations applicable to popu- 
lations which are reasonably good. I don’t think you could get better 
recommendations today in view of what we know. 

Mr. Hox.ister. If the Federal Radiation Council decides to de- 
velop on its own guides in the future, particularly for population 
limits, do you imagine that the NCRP should retreat in the limits it 
proposes or should stay at a status quo? 

Dr. Fama. This is a very difficult problem at the present time 
because the situation has not jelled. I don’t know what the functions 
of the Federal Radiation Council are, what they are going to assume 
they should do, what authority they are going to have and so on. 
Therefore, it is very difficult to say what the relation of the Federal 
Radiation Council and the NCRP should be. I think that the two 
bodies should get together and work out a satisfactory arrangement 
so that there is no great duplication of effort, so we don’t tie up sci- 
entific manpower doing the same thing, and then coming out perhaps 
with slightly different values. A factor of 2 does not mean a thing 
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in this field, because we don’t know these things with that accuracy. 

Mr. Houisrer. My last question, Mr. Chairman, would be to ask 
Dr. Failla to take about 2 minutes to describe for the record the 
mechanics by which the NCRP or ICRP makes one of its major deci- 
sions or updatings of a fundamental dose. Give some feeling for how 
many people are involved in such a decision, how long it takes, what 
kind of people are involved, how much back and forth between the 
main committee and subcommittees there is, and things of this sort. 

Representative Hourrrexp. Mr. Taylor did thison the NCRP. (See 
p. 82.) Why don’t you make your comments on the ICRP. 

Dr. Fama. I can give you an example. We had a meeting in 
Geneva in 1956. At that time I think we met for 2 weeks. Every 
member was there, as remember. Also many members of the commit- 
tees were there, particularly the chairmen. We discussed these prob- 
lems, as I said, for 2 weeks, and prepared some tentative recommenda- 
tions. After that it took a long time to get them in the words in which 
they were published in 1959. Part of the trouble was, of course, do- 
ing the thing by correspondence. I was involved in that because I 
was made chairman of the publications committee, and I spent a great 
deal of time trying to get agreement on the wording of the recom- 
mendations. As I pointed out before, the members of these organiza- 
tions do not all have the same ideas or notions. There is quite a differ- 
ence of opinion. There are those who want to liberalize the limits 
and those who want to make them more restrictive. The final outcome 
is some reasonable compromise. There was not a dissenting vote on 
the final wording of the ICRP report of 1959, but it took a lot of time 
to get the wording in such a way that every member could approve it. 

Representative Hotirtecp. So you might say it isa er of pru- 
dent scientific judgment and a conclusion based on specific agreement 
that the area is narrowly defined. 

Dr. Fata. Yes. 

Representative HouiFretp. Dr. Failla, as usual, you have provided 
this committee with some real thought-provoking testimony. We cer- 
tainly want to express our appreciation. We know how busy you 
are, and the trouble it caused you, to appear before us this morning. 
We think that the testimony has been well worth the effort that you 
have made. 

Dr. Faitia. Thank you, Mr. Chairman. [appreciate the invitation. 
I am glad to do whatever I can to help you. 

Representative Hoitrretp. Thank you, sir. 
(The material submitted by Dr. Failla follows :) 
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THE AGING PROCESS AND CANCEROGENESIS 


By G. Failla 


College of Physicians and Surgeons, Columbia University, New York, N.Y. 
The Aging Process 


The solid curve of FIGURE 1 represents the age-specific death rate of the 
male population of New York, N. Y., in 1950 as a function of age. The ordi- 
nate represents, on a logarithmic scale, the fraction of the individuals of a 
given age dying per year and the abscissa the age. It will be seen that 
beyond age 30 the curve approximates a straight line, the equation of which 
is of the form 
ry = re" 
where 7, = mortality rate at age 0, from all causes 

e = base of natural logarithms 
a = slope of straight line 
¢ = age in years 


This was first pointed out by Gompertz! in 1825, and the relation is now 
generally called the Gompertz function. From the slope of this curve it 
may be calculated that the mortality rate doubles about every 7.2 years. 
It has been found that, whereas the initial portion of the curve (before age 
30) varies greatly from one country to another and in the same country 
from decade to decade, the slope of the straight portion remains approxi- 


mately the same. A general discussion of these curves has been given by 
Jones? and need not be repeated here. It has been found, also, that similar 
curves apply to animal populations, as shown in FIGURE 2 for mice and rats 
(the curve for mice was constructed from survival data of Sacher*® and that 
for rats from observations of Simms and Berg‘). 

The dashed curve in FIGURE 1 was obtained by subtracting from the 
over-all mortality rate data those deaths caused by accident, homicide, or 
suicide. The exclusion of deaths from these causes (which account for a 
considerable proportion of the total deaths before age 30) has the effect of 
smoothing out the mortality rate curve at the early ages as shown. 

It may be surmised readily that the increase in mortality rate in the 
straight line portion of the curves is due to an aging process that is common 
to man, mouse, and rat. The doubling time for the particular mouse colony 
of FIGURE 2 is 90 days; that for man (FIGURE 1) is 7.2 years, or about 30 
times longer than that of mouse. This is also approximately the ratio of 
the life spans of man and mouse.* Therefore, the life span determines the 
rate at which animals age after reaching adulthood, which in a general way 
is obvious a priori. 

* It should be noted that the slope of the Gompertz curve for mice, plotted from available 
data in the literature, varies considerably according to strain, sex, laboratory conditions, 


and numerous other factors. Also, the number of animals is usually too small to provide 
good curves. 
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The life span is determined by the genetic constitution of the germ cells. 
An egg and a sperm that produce a mouse must be responsible for its short 
life span compared to that of man. Geneticists have found that the over-all 
spontaneous mutation rate for germ cells is roughly—very roughly— 
inversely proportional to the life span of the species. This means that the 
accumulated genetic changes (that is, in the germ cells) per generation are 
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FicurE 1. The solid curve represents the mortality rate of the male population of 


New York, N. Y., in 1950 as a function of age. The dashed curve was obtained by sub- 
tracting violent deaths, that is, those caused by accident, homicide, or suicide. 


approximately the same in short-lived and long-lived animals. The genetic 
material is considered to be the same in somatic cells as in the germ cells 
from which they were derived; therefore, the somatic mutation rate per unit 
of time may be expected to be higher in short-lived animals than in long- 
lived ones. Thus, we may assume that the genetic system in all cells of the 
human body is more stable than that of the cells of a mouse, generally in the 
ratio of the life spans. ‘* More stable” is used here in the sense that the 
system is less apt to undergo spontaneous mutations in @ given lime interval. 
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The system consists of the number of genes, geometric pattern, and required 
properties appropriate to the animal under consideration. It is not neces- 
sary to assume that the spontaneous mutation rate is the same in all somatic 
cells as in the germ cells. Therefore, the mutation rate in skin cells might 
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Figure 2. Age-specific mortality rates for mice and rats. The data for mice were 
derived from a survival curve for CF No. 1 female mice published by Sacher.* The curve 
for rats is based on longevity data for Sprague-Dawley male rats published by Simms and 
Berg.‘ 


be ten times that of the germ cellsin mouse. However, if there is a difference 
in mutation rate from cell type to cell type in the same animal, an approxi- 
mately proportionate difference should be present among the cell types of 
an animal of a different species. For the present purpose the important 
point is that the average spontaneous mutation rate of the somatic cells of 
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a short-lived species be higher than that of the somatic cells of a long-lived 
species and approximately in the inverse ratio of the life spans. As men- 
tioned above, this is roughly the case for spontaneous mutations in the germ 
cells—the only ones that can be studied readily—and it is reasonable to 
assume that the same general relation holds for spontaneous mutations in 
somatic cells. If this is the case, aging may be attributed to the accumu- 
lation of spontaneous somatic mutations in all body cells, but not necessarily 
in the same proportions in all organs. Thus, we may visualize the following 
simple process by which the life span is controlled in nature: the constitution 
of the genetic system in the germ cells determines the inherent stability of 
the genetic syStem of the body cells in a given species. The spontaneous 
mutation rate is determined by the stability of the genetic system, being 
lower the higher the inherent stability. The rate of aging is determined by 
the spontaneous (somatic) mutation rate. Aging increases the mortality 
rate according to the Gompertz function and sets a limit to the life span. 
We may now inquire how spontaneous somatic mutations bring about 
aging. To do this we shall define vitality as the reciprocal of age-specific 
mortality rate. Thus, according to FIGURE 1, the mortality rate at age 35 is 
0.0023 (2.3 per 1000) and at age 50 it is 0.010 (10 per 1000) per year. There- 


: : , — oie | 
fore, according to this notation the vitality of a man of 50 is 10 


of the vitality of a man of 35. The reciprocal of the age-specific mortality 
curve of FIGURE 1 then represents the vitality of the New York, N. Y., male 
population of 1950 as a function of age, ignoring for the present discussion the 
high mortality rate in the first few years of life. This is shown in FIGURE 3. 
By inspection it may be surmised that this is a “ multiple-hit”’ or a “* multiple- 
target’’ typeof curve. Therefore, loss of vitality with age may be attributed 
to loss of normally functioning cells, the deterioration in function of the cell 
being brought about by multiple hits or hits in a number of targets in the 
cell. It is obvious that the loss of vitality cannot be attributed to actual 
loss of cells, because the number of cells at age 60 would have to be about 
2.5 per cent of the number at age 20. It is known that in old people the 
cell population in a tissue is not very different from that in young subjects. 
Hence we must assume that the cell population is affected in function rather 
than in number. 

It is a tenet of genetics that the vast majority of germ-cell mutations is 
deleterious to the ensuing organism and its descendants. If we assume that, 
in general, somatic mutations are deleterious to the cell and its descendants, 
in the sense that the function of the cell is impaired, we can account for the 
shape of the curve on the basis of multiple gene mutations. At this point 
we should decide whether some particular genes or a number of genes at 
random are involved in the reaction. This determines whether we are 
dealing with a multiple-target or a multiple-hit phenomenon. Actually, 
the curve can be represented closely by the equation for either process, but 
perhaps it is simpler to visualize a multiple-hit process. The solid curve in 
FIGURE 3 has been plotted from the equation for a four-hit process, and the 
circles represent the reciprocals of the age-specific mortality curve of FIG- 


= 23 percent 
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URE 1, normalized to 1.0 at age zero for convenience. It should be noted 
in this connection that extending the curve to zero age is not justified, but 
is satisfactory for the present discussion. It will be seen that the fit is very 
good. Therefore, we may conclude that the increase in mortality rate with 
age (in the male population of New York in 1950) may be accounted for on 
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Ficure 3. “Vitality” as a function of age. The circles represent the reciprocals of 
the age-specific mortality rate data shown in the dashed curve of riGuRE 1. The solid 
curve has been plotted from the equation for a four-hit process. 


the basis of a four-hit random process. Tentatively we may postulate that 
each “hit” corresponds to the spontaneous somatic mutation of one gene in 
the cell. Then it would follow that, on the average, four genes at random 
(that is, any four genes) in each cell must be mutated before its function is 
impaired sufficiently to contribute to the aging process. 

The equation for the curve of FIGURE 3 is of the form 


2 3 
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4g . ' 
where a fraction of cells that have not undergone 4 gene mutations at 


4Yo 
a given age; e = base of natural logarithms; a = fraction of cells in which 
one gene is mutated per year (or probability of one gene mutation occurring 
per cell per year); and ¢ = age in years. It is obvious that the probability 
of one gene mutation occurring in one cell per unit time is proportional to 
the number of genes in the cell. Therefore, 


a=nm 


in which » = the number of genes per cell and m = the probability of one 
gene mutating per year. Geneticists express this in terms of one generation 
rather than per year, so that if M is the gene mutation rate per generation 
of 30 years in man, 


Therefore, 


onde 
id “ 
The value of a derived from the curve of FIGURE 3 is 0.162. The haploid 
gene number in man has been estimated to be between 5000 and 100,000, 
as quoted by Neel and Schull.® Assuming that it is 20,000, the number 
in somatic (diploid) cells, with which we are concerned here, is 4 X 104. 
Therefore, 


M 
0.162 = 4 X 104 — 
30 


M = 12 X 10° 


Accordingly, the gene mutation rate in somatic cells in man is 12 X 10-5 
per generation of 30 years, on the basis of a four-hit curve derived from 
mortality statistics and the assumption that the increase in the age-specific 
death rate with age is due to somatic mutations. The gene mutation rate 
in germ cells in man is estimated by geneticists to be 10-* per generation. 
If we accept these two values, it may be concluded that in man the spon- 
taneous gene mutation rate in somatic cells is approximately 12 times that in 
germ cells. It is of interest to note in this connection that in Drosophila 
the number of abnormalities in the offspring produced by a given dose of 
X rays is about four times greater when the experimental conditions are 
such that the effect of radiation is on spermatozoa rather than on spermato- 


N 
* It should be noted that the ratio N, is applicable to any age, including the period of 


rapid growth. In other words, the thing that counts is the number of cells per unit volume 
rather than the total number of cells in the body or an organ. 





200 RADIATION PROTECTION 


gonia.© This may well be due to chromosome damage rather than additional 
gene mutations produced in spermatozoa, since spermatogonia with badly 
damaged chromosomes would not be expected to reach the spermatozoa 
stage; therefore, those that do reach this stage are the ones in which the 
chromosomes were not badly damaged at the start. At any rate, chromo- 
some damage in somatic cells does occur spontaneously. Hence, it may be 
concluded that the ‘“‘mutation”’ rate derived from the age-specific mortality 
curve includes chromosome damage as well as gene mutation. Then, if the 
factor of 12 noted above is real, it would be concluded that aging is due 
largely to the accumulation of chromosome damage in the somatic cells of 
the body. This has been suggested by some geneticists, notably Muller.’ 
At the present time it is really impossible to make any definite statement 
about this, because the uncertainty in the available genetic data for man is 
too great. However, it is reasonable to suppose that both gene mutations 
and chromosome damage play a part in the aging process. In this case it 
would be more appropriate to speak of a “‘cell impairment rate” due to 
nuclear damage rather than a “somatic mutation rate” in connection with 
the aging process. 

The multiple hit concept was introduced to take into account the rather 
slow increase in age-specific death rate from approximately age 5 to 30. In 
so doing it was assumed that the smooth curve of FIGURE 1 truly represents 
the aging process. It may well be that the high mortality in this period is 
due to other causes. For one thing, in the case of mice and rats (FIGURE 2) 
the existence of a plateau in mortality rate at early age is questionable, but 
this may be due to the paucity of data.* In the case of man, from about 
age 30 to 60 or so, the data fit a straight line very well. It is important to 
note in this connection that the data are derived from the vital statistics 
of millions of individuals and, therefore, are very reliable. If it is assumed 
that this straight line represents the aging process per se, we are dealing with 
a single-hit process. The equation for the “vitality” curve (straight line) 
derived from FIGURE 1 is 


ce 


N 


— = ¢~0.0963 
Yo 


in which 0.0963 is the value of @ in the notation used previously. Hence 


M 
0.0963 = 4 X 10* — 
. 30 


and 
M = 7.2 X 10-° 


*it would be of great interest to see what the curve looks like in the case of a large 
colony of animals reared under germfree conditions. Incidentally, it is known that under 
these conditions there is some prolongation of life, but not a marked one, which lends 
support to the idea that the life span is controlled by the inherent stability of the genetic 
system. 
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Therefore, if this represents the gene mutation rate in somatic cells in man, 
it is closer to the gene mutation rate in germ cells estimated by geneticists 
(10-® per generation). In view of the assumptions made and the uncer- 
tainties in the genetic data, all that can be said is that the single-hit hypothesis 
yields a value of the gene mutation rate in.man of the same order of magni- 
tude as that estimated by geneticists.* 

It should be noted that the value of a can be obtained with considerable 
accuracy when the one-hit process is assumed. If it is further assumed that 
aging is due to somatic gene mutations, a represents the probability of a 
gene mutation occurring per cell per unit time. This does not involve the 
number of genes in a cell, which is difficult even to estimate, but nevertheless 
serves as a measure of the stability of the genetic system of the cell with 
respect to time. The values of a for mouse and rat, derived from the curves 
of FIGURE 2, are 7.7 X 10-* days“' and 6.3 X 10-* days~', respectively. 
The one for man is 0.0963 years“! or 2.64 X 10-‘ days~'. The stability of 
the genetic system is inversely proportional to a. The ratio of the a’s for 
mouse and man is 29, which is approximately the ratio of the respective life 
spans. For rat and man the ratio is 24, which is in agreement with the 
known fact that the life span of the rat is somewhat longer than that of the 
mouse. As pointed out earlier, the Gompertz curves for groups of animals 
in different laboratories are apt to vary considerably, and the statistical 
reliability is low when small groups are used. Therefore, these ratios have 
only a qualitative significance. 

In summary, it may be said that aging in the straight-line portion of the 
age-specific mortality curve may be attributed to a one-hit process that 
impairs the function of somatic cells at a rate inversely proportional to the 
life span. Defining vitality (in the sense of ability to survive rather than 
ability to do work) as the reciprocal of age-specific mortality rate, it is found 


that vitality at any given age is proportional to the fraction of cells (=) 
oe 
that have not been “hit” at that age. The exponential decrease in vitality 
with age indicates that the impairment in function of the cell brought about 
by the hit is permanent. Since gene mutations are “permanent” and may 
well cause malfunctioning of a somatic cell, it is not unreasonable to assume 
that the hit represents a spontaneous gene mutation. Permanent chromo~- 
some damage could also be implicated. However, in the present state of 
knowledge of the aging process, it is not possible to exclude mechanisms that 
have nothing to do with spontaneous mutations and/or chromosome damage. 
Perhaps the strongest inferential support for the idea that somatic mutations 
are fundamentally responsible for the aging process (represented by an 
exponential increase in mortality rate with age) comes from the fact that 
the genetic constitution of an egg and a sperm determines what kind of anima! 
(species) will result from their union, and the maximum life span for that 
animal is a characteristic of the species. It is known that the over-all spon- 
taneous gene mutation rate in germ cells is roughly inversely proportional 


* A more detailed analysis of the whole age-specific mortality curve for man, in terms 
of the mutation theory, will be made in a subsequent publication. 
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to the life span for different species, and it may be expected that the somatic 
mutation rate follows the same general relation. Then the assumption that 
the increase in mortality rate with age is due to the accumulation of spon- 
taneous somatic mutations provides a simple and plausible mechanism for 
the control of the life span of a species by the initial genetic constitution of 
the egg and sperm of that species. Obviously, much more information is 
needed to confirm or disprove the assumption. 


Cancerogenesis 


The sequence of events in the development of cancer of the skin may be 
visualized most readily from observations on radiation-induced neoplasms. 
Before the very late sequelae of radiation damage were fully realized many 
patients were treated with low-voltage X rays for cosmetic purposes (for 
example, removal of superfluous hair) and for a variety of dermatological 
conditions. Single treatments and, more often, repeated treatments were 
given with doses that produced a definite but not necessarily a marked skin 
reaction during the course of treatment. In general, after a few weeks or 
a few months the skin regained its “normal” appearance (including, some- 
times, the diseased condition for which the treatment had been given). Ina 
considerable proportion of the cases new changes in the appearance of the 
skin became evident after a number of years and, in some cases, neoplasms 
developed still later (usually 15 to 20 years after the initial treatment). In 
the case of the early radiologists and technicians who exposed their hands 
to X rays daily, skin changes were produced gradually and may not have 
been apparent for a number of years. In many instances cancer of the skin 
developed later, the latent period being somewhat related to the degree of 
exposure. 

As far as the present discussion is concerned, the dermatological patients 
and the professionally exposed persons serve the same purpose. In both, 
skin cancer developed after a period of many years in small regions of the 
irradiated areas that had shown definitely visible changes for a considerable 
time. The most interesting thing is that tissue specimens taken from these 
regions for histological study indicate a gradual transition from normal to 
neoplastic. That is, in the same irradiated area there are regions in which 
cancer is or is not present, but there are also regions that the pathologist is 
able to classify as definitely precancerous. Accordingly, there must be a 
gradual change in the irradiated skin (over a period of years) up to the time 
that a neoplasm is definitely established. Since it is known that ionizing 
radiation is a powerful mutagenic agent, it is natural to suspect that somatic 
mutations may be responsible for the initiation of the cancerous process. In 
this must be included the skin injury that appeared some years after the 
treatment and the precancerous state. We shall consider first a possible 
mechanism for the production of a cancer cell by radiation. 

The most outstanding characteristic of a cancer cell is its ability to divide 
indefinitely. In normal tissues in which cell multiplication occurs naturally 
(for example, the skin) to take care of wear and tear and to repair damage, cell 
division is carefully controlled. For instance, if the skin is cut, cell division 
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is greatly accelerated, but returns to normal as soon as the damage has been 
repaired. To account for this we may postulate that each cell produces an 
‘‘antiproliferating agent” (APA) which, when present in a certain concen- 
tration, prevents the cell from dividing. When the skin is cut, the concen- 
tration of this agent at the boundaries of the cut decreases and the neighbor- 
ing cells begin to divide. When healing is complete the concentration 
returns to normal. The control of cell division is, therefore, a collective 
one; that is, all the cells in a certain volume of tissue contribute to it. 

It is not unreasonable to assume that the production of the APA is due 
to a particular gene in the cell, or, more likely, to the two genes of an allelic 
pair. Therefore, if suitable mutations of these genes occur, the cell no 
longer produces the agent. The cell then acquires the potentiality of 
indefinite division; that is, it becomes a cancer cell. However, it does not 
follow that a tumor will develop, because normal cells surrounding it are 
able to maintain a sufficient concentration of the agent around the mutated 
cell. Hence, in order for the tumor to develop, a certain number of the 
normal cells around the mutated cell must not function properly or, at any 
rate, diffusion of the APA from normal cells to the mutated cell must be 
blocked or interrupted. If this local situation exists for a sufficient length 
of time, uncontrolled division starts. Once the number of cancer cells has 
reached a certain value (that is, the tumor has reached a certain size) the 
concentration of the APA at the boundary will always be subnormal! and 
the tumor keeps on growing. It will be seen, therefore, that the establish- 
ment of a tumor depends on the accidental juxtaposition of a cancer cell 
(which has arisen from a mutated normal cell) and a region in which the 
concentration of APA is abnormally low for one reason or another. 

In view of the sequence of events in the development of radiation-induced 
cancer of the skin, it may be concluded that the skin injury, which develops 
slowly over a period of years, provides the required conditions (low concen- 
tration of APA according to the mechanism just outlined) for the growth of 
atumor. The absence of a marked acute skin reaction and the long “latent” 
period suggest that the late skin damage may be attributed to somatic 
mutations produced by the radiation in the germinal layer of the epidermis. 
That is, after the acute reaction, there remained cells that had been mutated 
in such a way that they were able to survive; their function, however, had 
been impaired. A certain amount of time was required for the phenotypic 
manifestation of the genotypic change (which occurred at the time of irradi- 
ation), and more time was required for the injury to develop through com- 
petitive processes between mutated and nonmutated cells. Finally, the 
situation was aggravated by the accumulation of spontaneous somatic muta- 
tions with increasing age, as already postulated. Of course, additional time 
was needed for the initial cancer cell to produce a detectable tumor by 
repeated divisions. 

The question arises now as to. whether the initial cancer cell (involving 
mutations in specific loci) was produced by the radiation at the time of treat- 
ment or was produced later by spontaneous mutations, when the terrain 
was more favorable for the establishment of a tumor. Obviously, the ques- 
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tion cannot be answered categorically. It is known that cancer cells can 
be dormant for many years before a recurrence pr metastasis of a tumor 
occurs. On the other hand, it is difficult to see how a cancer cell in skin that 
is constantly being renewed could remain dormant for as many as 45 years— 
the longest period in which a skin cancer is known to have developed in the 
irradiated area of a patient originally treated for an internal cancer. On 
the basis of the mechanism postulated above, it may be possible that a cancer 
cell produced by the radiation could not establish a tumor because the terrain 
was not favorable (that is, the concentration of APA was not low enough) 
at the time and, in due time, it died. Thus, a neoplasm that appears very 
late may well be attributed to the gradual development of the propitious 
terrain in the irradiated area and a subsequent mutation of a special kind 
occurring spontaneously in one of the cells in this terrain. 

The situation is somewhat different in the case of the hands of radiologists 
in which the damage is due to chronic-exposure over a period of many years. 
Here the favorable terrain results from the accumulation of more or less 
permanent radiation damage and the probability of occurrence of a cancer 
cell therein is increased by the continued exposure to radiation. 

The infrequency of cancer of the skin in patients who receive large skin 
doses in the treatment of deep-seated tumors requires elucidation. In such 
cases the irradiation is usually completed in a period of a few weeks. The 
considerable acute skin damage that is produced is due in large measure to 
killing of cells. Replacement of dead cells is a normal function of the skin; 
therefore, if the damage is not too great, apparently complete restoration 
takes place. There is nevertheless some permanent damage that may cause 
trouble later. Paradoxically, the difference between the dermatological 
cases mentioned earlier and patients receiving deep X-ray therapy may be 
attributed to the larger doses used in these cases, which kill many cells.* 
These are later replaced by normal or nearly normal cells. There are, of 
course, other differences, such as the age of the patients and the survival 
time. Most of the dermatological cases that developed skin cancer later 
were treated in their teens for minor skin ailments. On the other hand, 
patients treated for internal cancers are usually much older and die of the 
disease in a few years—before skin cancer is able to develop. The depth of 
tissue receiving a large dose, which is much greater in the case of deep X-ray 
therapy, should be considered also. Damage to the vascular bed may well 
interfere with the development of cancer, for instance, by restricting the 
food supply. Further consideration of these quantitative differences would 
take us too far afield. The point of chief interest at the moment is that, 
according to the proposed mechanism, cancer develops in an irradiated skin 

* With small doses a few cells may be killed by the production of lethal gene mutations, 
the cells dying when they attempt to divide or after they have gone through a few divisions. 
With larger doses cells may die also because of extensive chromosome damage. With still 
larger doses direct interference with metabolic process at the chemical level (for example, 
destruction of enzymes) plays an important part in the killing of cells. Obviously the 
cells that have been killed can cause no trouble later, provided they are replaced by normal 


cells. The complications arise from the fact that at least some of these cells have been 
mutated so that they and their descendants function subnormally. 
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area because many of the cells therein are descendants of cells originally 
mutated by the radiation and function subnormally. In some regions 
groups of these cells provide a terrain favorable to the development of cancer 
when, by a particular kind of mutation (spontaneous or otherwise), one is 
produced in such a region. 

If this mechanism for the production of skin cancer by radiation is accepted, 
it is not difficult to extend it in broad outline to all primary cancers of the 
skin. The extension to neoplasms produced by chemical carcinogens is 
obvious, especially when the compound is known to be mutagenic. Some 
are not mutagenic* and, according to the cancerogenic mechanism proposed 
here, they need not be. All that is necessary is that they be able to induce, 
in a certain volume of normal tissue, a favorable terrain for the multiplication 
of a cancer cell already there or produced later by the appropriate spon- 
taneous mutation of a normal cell. In animals chemical carcinogens applied 
to the skin do produce hyperplasia, and a precancerous state is recognizable 
before the neoplasm is definitely established. As mentioned earlier, a pre- 
cancerous state exists in localized skin areas of the hands of radiologists who 
later develop skin cancer from overexposure to ionizing radiation. The 
presence of hyperplasia is significant in connection with the hypothesis that 
a low concentration of APA is required to start the establishment of a tumor. 
The presence of rapidly dividing cells in a normal tissue seems to favor 
tumor development in general. Thus, skin tumor formation by chemical 
carcinogens is enhanced by wound healing. Radiation-induced cancers of 
the skin in man occur mostly in regions in which the integrity of the skin is 
difficult to maintain; that is, repair is constantly attempted, but is not quite 
successful. Pcrhaps because the skin is thinner and more easily damaged 
mechanically, practically all neoplastic lesions in the hands of radiologists 
occur on the outer aspect of the hands. It should be noted, however, that 
this side is also the one that receives the highest radiation dose. On the 
other hand, spontaneous skin cancers occur also mostly in the same skin area 
(outer aspect of the hands), so that trauma resulting in skin breakage must 
play a considerable part. Open wounds are less apt to occur in the palms 
of the hands where the skin is thicker and the metabolically active cells are 
better protected. In spontaneous skin cancers, the effect of sunlight (par- 
ticularly ultraviolet) must also be taken into account. 

It is a matter of common observation that, with advancing age, the skin 
becomes devitalized, drier, less pliable, and more apt to crack. Keratoses 
and other manifestations of local physiological malfunction are common. 
These grow progressively worse or more numerous. Since the deterioration 
is permanent, it is evident that there must be a deterioration of the cells 
that are responsible for the maintenance and renewal of the surface layers 
of the skin. The process may be considered to be a special (regional) case 
of the aging process already discussed. As pointed out under The Aging 
Process, somatic mutations may be assumed to cause impairment of function 


*It might be predicted that mutagenic chemical carcinogens would be more effective 


(potent) than nonmutagenic ones. Thus the latent period for cancer production would be 
expected to be shorter. 
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of cells. In the case of the skin a mutated cell in the germinal layer* may 
be considered inferior to a normal one, and its descendants (the more differ- 
entiated skin cells) are also defective. Lethal mutations in skin cells are 
of no importance, at least up to a certain point, since new cells to take their 
places can be produced by the remaining ones. While the skin as a whole 
shows deterioration with advancing age, some local regions manifest greater 
damage. This may be accounted for by the randomness of the mutation 
process, which occasionally results in the grouping of mutated cells in clusters. 
Thus, according to the mechanism proposed here, spontaneous mutations 
give rise to local skin imperfections. Some of these provide a terrain suitable 
for the development of cancer. If and when a normal cell in this region 
undergoes mutations of the special kind that transform it into a cancer cell, 
a neoplasm may become established. Obviously, the local conditions of 
the tissue must also be suitable for the cancer cell to perform the necessary 
metabolic processes for division and multiplication. 

It is well known that in man cancer of the skin occurs mostly in exposed 
parts of the body (face and hands). On the assumption that the favorable 
terrain is formed initially by the random groupings of mutated cells, there 
should be little or no difference in the frequency of these regions of favorable 
terrain in different parts of the body surface. Therefore, contributing factors 
must play an important part in the induction of cancer of the skin in exposed 
areas. Cancer of the skin of the face is particularly prevalent in farmers 
(especially in Australia). In all cases of overexposure to sunlight in a dry 
climate, the skin shows general damage and local inadequacies to maintain 
its integrity. It is in such areas that cancer usually develops. In an area 
in which a normal skin surface cannot be maintained because the epithelial 
cells are not functioning properly, there is a constant effort to replace the 
superficial cells, and hyperplasia results. This is of interest in connection 
with the APA hypothesis in that cell proliferation indicates that the con- 
centration is low, and a cancer cell in this region can divide and establish 
a tumor. 

Since ultraviolet radiation (UV) is known to be mutagenic (when it can 
penetrate to the nucleus of the cell), this component of solar radiation may 
be the chief causative agent. In this case the mechanism of cancer induction 
is essentially the same as for chronic exposure to ionizing radiation. It must 
be borne in mind, however, that the penetration of UV into the skin is very 
superficial. This may account for the lower incidence of cancer of the skin 
in brunettes than in blondes and for the much lower incidence in the non- 
white population of the United States. In 1947 the age-adjusted incidence 
of cancer of the skin of the face, head, and neck was 39 per 100,000 in whites 
and 2.5 per 100,000 in nonwhites.® For primary cancers in other sites the 
difference between whites and nonwhites is very much smaller and may be 
higher or lower for whites, depending on the site and type of cancer. In this 
connection, it is most significant that the incidence of cancer of the skin of 

* Obviously, random mutations in the descendants of these cells are of no importance 


because they are soon replaced by new cells. Note, however, that some descendants may 
be mutated into cancer cells (for example, squamous cell carcinoma). 
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the lower extremities (which are usually covered by clothing) in 1947 was 
1.4 and 1.1 per 100,000 in whites and nonwhites, respectively. The corre- 
sponding figures for the upper extremities are 3 and 0.3. 

Chemical carcinogens constitute the next logical class of contributory 
factors. Some of these are known to be mutagenic and, therefore, the 
mechanism of cancer induction may be assumed to be essentially the same 
as that of ionizing radiation or UV. Those that are not mutagenic must be 
assumed to provide the proper terrain for the division and multiplication 
of a cancer cell that happens to be in the skin area to which the carcinogen 
has been applied, after it has been produced by the spontaneous muta- 
tion of a normal cell. It should be noted in this connection that a pre- 
cancerous state, with hyperplasia, is generally present in such cases. 
The mechanism proposed here is indeed applicable to numerous can- 
cerogenic agents of all kinds, including mechanical irritation of sufficient 
degree and duration. 

Hereditary factors promoting the development of skin cancers may be 
considered next. While the possibility cannot be excluded that in some 
individuals the genetic constitution of the cells is such as will facilitate the 
spontaneous mutation into cancer cells (which would be inheritable) the 
writer thinks that, if this factor exists at all, it plays a very minor part. The 
reason is that according to the postulated mechanism, spontaneous somatic 
mutations provide an abundance of cancer cells (see below) and that the 
development of a tumor depends on the juxtaposition in space and time of 
such a cell and a favorable terrain. Therefore, one should look for hereditary 
factors that promote the formation of a suitable terrain. Dry, scaly skin 
provides such a factor. This correlates with the higher incidence of skin 
cancer in older people whose skin has become drier, less pliable, and scaly 
in spots. Therefore, the effect of inherited dry skin is essentially to lower 
the chronological age at which cancer may develop. This is supported by 
observations on radiologists whose hands have been chronically exposed to 
radiation. Another example of an hereditary contributory factor is the 
presence of pigmented nevi. They may be present at birth or may appear 
later. They are quite prevalent in white people, but malignant melanoma, 
which arises from them, is rare. This again emphasizes the dual mechanism 
in cancerogenesis. In general, a nevus is quite small in volume, and the 
chance that one of its cells will be spontaneously mutated into a cancer cell 
must be extremely small. Also, the terrain must be favorable at the proper 
time. 

The presentation so far has been in terms of cancer of the skin, because the 
gradual changes that take place with age and those that lead to neoplasia 
are readily observable. Analogous spontaneous changes must take place 
in other body tissues modified, however, by differences in morphology, struc- 
ture, function, and innumerable other characteristics. An important differ- 
ence between skin and any other organ is due to the fact that the skin, being 
on the exterior of the body, is more exposed to all sorts of deleterious agents 
and mechanical damage. This accounts, at least in part, for the high inci- 
dence of skin cancer, which, however, does not contribute much to cancer 
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mortality, because (with some notable exceptions) skin cancer is. readily 
detected and eradicated before it has metastasized. 

In considering tissue changes in other organs, it should be borne in mind 
that, according to the mechanism postulated here, a local disturbance (of 
the right kind) in a small volume of tissue is sufficient to provide a favorable 
terrain for the development of a tumor. Such local disturbances may occur 
with age because of the accidental grouping of randomly mutated cells, 
because of local trauma, because of hormonal changes, because of inherited 
or neonatal local peculiarities in tissue structure that appear in later life or 
become important as other tissue changes caused by the aging process take 
place, and, no doubt, for many other reasons. These small local disturbances 
in other organs are not readily observable for obvious reasons. Cowdry,°® 
who has made an extensive study of the changes that occur in the epidermis 
with increasing age, states: “‘As we grow older our epidermal cells are sub- 
jected to strains and stresses of many sorts. The orderliness in their lives 
is to some extent broken up. Their mitotic rhythm may be upset. They 
seem to waver between extremes of hyperplasia and atrophy, mineralization 
and demineralization, pigmentation and depigmentation, and they suffer 
from inadequacy of epidermal appendages (hairs and glands). These are 
changes not diffuse and uniform, but in most cases fairly sharply localized in 
foci especially in exposed areas of epidermis. In attempting to survive by 
adaptation to such conditions it is not surprising that malignant transforma- 
tions are quite frequent.”’ 

In connection with the possible occurrence of similar local disturbance in 
other tissues, Cowdry says: ‘One wonders whether examination of the epi- 
thelial linings of the respiratory, digestive and urogenital systems in similar 
whole mounts, if that were feasible, would also bring to light many localized 
areas showing age changes and which might even fail to receive attention in 
the study of serial sections. However, they would hardly be so pronounced 
as in the epidermis, for the epithelia in question occupy more protected 
locations. It is unnecessary further to describe cellular populations giving 
rise occasionally to epithelial cancers (carcinomas).”’ 

It will be noted that the existence of local “imperfections” in skin, visible 
by the naked eye or through the microscope, is well established. It is well 
known also that they increase in number and undergo changes with age. At 
least some of them constitute the foci.in which cancer eventually develops. 
The existence of a similar process in other tissues may be inferred. These 
local imperfections may arise in a variety of ways: they may be inherited, 
just as the shape of the nose may be inherited; they may result from somatic 
mutations occurring in the embryo (mosaics) or from a chance grouping of 
mutated cells occurring later; or they may be due to the action of physical, 
chemical, or biological agents, or to other causes. One may think of these 
local imperfections in tissues as being analogous to the imperfections in the 
orderly arrangement of atoms in a crystal. It is very difficult to “grow” a 
perfect crystal. It is reasonable to suppose that during organogenesis—a 
very critical process—local tissue imperfections could readily arise for a 
variety of reasons. Some of these imperfections may be corrected later as 
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indicated, for instance, by the disappearance of some birth marks in babies, 
or the gradual improvement in the appearance of surgical scars. Inci- 
dentally, the presence of local tissue imperfections produced in embryonic 
life may well account for the high incidence of some types of cancer in early 
life. 

It is now necessary to make some quantitative estimates to see whether 
the dual process for the induction of cancer postulated here can account for 
the observed incidence of cancer of different types and its variation with age. 
We shall assume that the somatic mutation rate calculated from the age- 
specific mortality rate curve for man applies to the mutation of a normal cell 
into a cancer cell. This is 7.2 X 10~* per gene per generation, or 2.4 X 10-® 
per gene per year. It is reasonable to assume that, if the production of the 
postulated APA is controlled by a specific gene in the haploid cell, the 
two corresponding genes of an allelic pair in the diploid cell must be mutated 
(in a certain way) in order to stop the production of APA and thus, accord- 
ing to our mechanism, produce a cancer cell. Accordingly, if these cells 
are not eliminated in some way or another, the number will increase as 
the square of the age, assuming a constant number of cells in the body to 
begin with. The coefficient will be (2.4 X 10-*)? = 5.8 K 10-™ and the 
number of cells that have been mutated to cancer cells at time ¢ will be 
N= N. X 5.8 X 10-" X #. To simplify the discussion, we may let N, 
represent the total number of cells in the average adult body, and we may 
reckon time, ¢, from adulthood on to old age. Assuming that the average 
body cell is somewhat less than 10 u in diameter, VY, = 10'* approximately. 
Then, if each body cell is just as likely to be mutated into a cancer cell, 
N = 10" X 5.8 X 10~- X #, and the number of cancer cells in the first 
year of the assumed time scale is 580. The number is obviously too large, 
and we need not pursue this further. 

If it is assumed that the cancer cell must find itself in a favorable terrain 
before a tumor can develop, we can arrive at a figure approximating the 
observed incidence of cancer in man by choosing an appropriately small total 
volume for the tissue regions in which the terrain is propitious for the growth 
of a tumor. Plotting cancer incidence for any particular site against age 
on log-log paper, we find that the incidence increases as the mth power of 
age in a representative region of the life span. For most sites the value of 
n is about 4 or 5. From the assumption that the somatic cell must be 
mutated in two specific loci to produce a cancer cell, we get m = 2. There- 
fore, the difference must be accounted for on other grounds. Obviously, 
the difference may be made up by making a variety of assumptions, but this 
is not a fruitful procedure at this stage. For our present purpose it is suffi- 
cient to point out that the two-loci mutation hypothesis leads to an over- 
abundance of cancer cells, which is a necessary requirement if the develop- 
ment of a tumor is to be attributed to the juxtaposition of a cancer cell and 
a favorable terrain. On this basis the increase in the incidence of cancer 
with a power of the age greater than two indicates that the foci of favorable 
terrain also increase rapidly with age, which is qualitatively supported by 
observations—at least in the case of the skin. As to the mechanisms by 
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which these foci are formed and increase in number with age, many possi- 
bilities exist, but it seems that they must remain just within the realm of 
possibility for some time to come. 

I feel that somatic mutations probably play a part in the development of 
foci of favorable terrain, as part of a general aging process based on somatic 
mutations—the latter explanation being plausible, but as yet unproved. 
The great difference in the incidence of skin cancer in exposed parts of the 
body between whites and nonwhites may be ascribed to the effect of sun- 
light, probably the UV component. If this is so, it supports the somatic 
mutation mechanism and, at the same time, it indicates that the spontaneous 
mutation rate (not including the mutation rate attributable to exposure to 
sunlight) is responsible for a small fraction of the skin cancer incidence in 
whites, roughly equivalent to the skin cancer incidence in nonwhites. From 
this it may be surmised that the role of spontaneous somatic mutations in 
producing foci of favorable terrain in other organs may not be so prominent. 
It is more likely that local tissue imperfections occur for a variety of reasons, 
but somatic mutations may turn some of them into favorable terrain for the 
division and multiplication of a cancer cell produced therein. 

I acknowledge that others have had similar ideas about the aging process 
and/or cancerogenesis and have been aware of this fact since I first pre- 
sented an outline of my views in December 1956."° The similarity between 
my views and those of others is closest in the case of the theory proposed by 
Osgood.'! I thank Patricia McClement for fitting a four-hit curve to the 
age-specific mortality data of FIGURF 1 and for general help in the preparation 
of this paper. — 
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THE SHORTENING OF LIFE BY CHRONIC 
WHOLE-BODY IRRADIATION* 


By G. FAILLA and PATRICIA McCLEMENT 


NEW YORK, NEW YORK 


OST of the information on life shorten- 
1% ing by irradiation has been derived 
from experiments in which animals have 
been exposed acutely or intermittently to 
rather large doses, or have been irradiated 
chronically at fairly high dose rates. In all 
cases in which the daily dose has been less 
than 0.§ r, no statistically significant life 
shortening can be determined because of 
the small number of animals used. How- 
ever, by making certain assumptions and 
using experimental data obtained at the 
higher exposure levels, mathematical rela- 
tionships have been derived that permit the 
calculation of the life shortening to be 
expected in man from whole-body expo- 
sure at a given dose rate or with a given 
total dose. The figure most widely quoted 
is that 1 r shortens man’s life by fifteen 
days,t according to calculations made by 
Hardin B. Jones.‘ 

Dublin and Spiegelman’ in their study 
of the mortality of medical specialists dur- 
ing the period 1938-1942 found that the 
mortality rate (from all causes) for radiol- 
ogists was lower than that for all physi- 
cians but somewhat higher than that for all 
specialists combined. The mortality rate 
from cancer (especially leukemia) for radi- 
ologists was distinctly higher than for non- 
specialists. From this it may be surmised 
that the lite expectancy for radiologists 
may be slightly lower than for all medical 
specialists combined, principally because 
of the higher cancer incidence, but never- 
theless it is higher than that of all physi- 
clans taken together. A recent survey made 
by Shields Warren’ shows that the mean 
age at death for radiologists who died be- 
tween 1930 and 1954 was 60.5 years as 


t The extreme limits set by Jones are one to thirty days per r. 


compared to 65.7 years for other physicians 
having no known contact with radiation. 
The accumulated doses received by these 
radiologists in the exercise of their profes- 
sion are estimated to vary from rather low 
values to about 1,000 r. However, Lewis® 
has pointed out that if account is taken of 
the age distributions of these radiologists 
and the physicians with whom they were 
compared, a difference of at least six years 
would be expected on this basis alone. That 
is, radiologists may have a slightly longer 
lifespan than physicians as a whole, as indi- 
cated in Dublin and Spiegelman’s study. 
Assuming that the average radiologist of 
that period received a whole-body dose 
of sco r in thirty-five years (from age 
twenty-five to sixty)—which cannot be too 
far from the actual value—the life shorten- 
ing should have been 20.5 years on the 
basis of fifteen days per roentgen. 

Insofar as radiologists exposed at present 
permissible levels are concerned, the short- 
ening of life may well be assumed to be 
negligible. However, when the accumulated 
dose is much larger, there must be a 
shortening of life and it would be well to be 
able to predict its magnitude. To indicate 
the method by which this may be done, use 
will be made of the experimental data of 
Lorenz ef a/.6 on chronic irradiation of 
LAF, mice until death. The treatment of 
the data will be in terms of the Gompertz 
function used extensively by Jones.‘ This 
in fact has been done by Berlin and 
Dimaggio' and some of their numerical 
values will be used also. 

Study of the set of curves published by 
these authors shows that they are not in the 
proper relative positions. Assuming that 
the Gompertz function is applicable (which 


* Presented at the Fifty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D.C., October 1-4, 1957. Based 
*n work performed under Contract AT-30-1-GEN-70 for the Atomic Energy Commission. 
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is reasonable), this must be attributed to 
the paucity of experimental data. The 
following procedure was used to try to 
overcome this difficulty. In order to plot 
the Gompertz curves for the different daily 
doses it is necessary to know the initial 
mortality rate, ro, for the group of animals 
used and m, the slope of the straight line 
on a semilogarithmic plot. These quantities 
are usually derived from the experimentally 
determined mortality curves. Since for each 
daily dose only about 50 animals were used, 
high accuracy cannot be expected. How- 
ever, if it is assumed a priori that the 
Gompertz function is applicable, the follow- 
ing mathematic relation may be used to 
calculate the slope m: 


& I m 
Si2=— In (: +0.693 
m ro 
where 


Si2=50 per cent survival time 
m =the slope 
r)=initial mortality rate. 


The values of S,,;2 experimentally deter- 
mined are given in Table 1. The value of rp 
was taken from Berlin and Dimaggio’s 
publication’ as the average of the values 
given by them for the irradiated groups; 
that 1s, ro=1.31 X10 days—. 


Taste | 


SURVIVAL IN LAF, MICE EXPOSED DAILY TO 
GAMMA RADIATION 

Daily Dose, r Si:*, Days 
703423 
761 +26 
684+20 
630+ 20 
91 +16 
488+11 


Oo, n- 00 


* The 50 per cent survival time; that is, the time after begin- 
ning of exposure when one half of animals had died. 


To facilitate the calculation, a curve of 
Si, versus m was plotted from the above 
equation, assuming different values of m. 
Then the m’s corresponding to the experi- 
mentally determined S,,:’s were read from 
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this curve. Since the slopes of the Gom- 
pertz curves should be linearly related to 
the daily doses, the values of m were plotted 
against daily doses and the best fitting 
straight line was drawn by inspection. 
From this, new values of m were obtained 
and from these m’s new values of S,,. were 
read off the curve of the equation given 
above. This procedure served to average 
out errors and gave internally consistent 
values of S,,. and m for the different daily 
doses. The final values are given in Table 
II. 


Taste Il 
Ratio 
Syj2/Siy2 
Experi- 
mental 


Daily 
Dose 


Sys 
Experi- 
mental 


mX 108 Siys 
Days“ Days 


720 3 .02 
=16 
678 


643 
583 


494 


The experimental values and the ratios 
are listed in the table for ready comparison 
to show that the changes brought about 
by the process of repeated adjustments are 
small. It might be mentioned in this con- 
nection that the survival curve for the con- 
trols in the experiment of Lorenz e¢ ai.' is 
definitely out of line. For this reason the 
value of r, for the controls given by Berlin 
and Dimaggio! was not used for the present 
purpose. The Gompertz curves for differ- 
ent daily doses are shown in Figure 1. 
(The curve for 0.11 r/day is not included 
because it is very close to the one for the 
controls.) 

It will be seen that each straight line 
represents the increase in mortality rate 
(fraction of the number of individuals of a 
certain age dying per day) as the animals 
get older. For the controls this represents 
the spontaneous aging rate. Exposure to 
radiation at a given dose rate (daily dose) 
increases the slope of the line and, there- 
fore, may be said to accelerate the aging 


eo | 2 et tees es aes 6h eet 





om- 
1 to 
tted 
ting 
tion. 
ined 
were 
riven 
erage 
stent 
daily 
lable 


atio 

of S12 
:peri- 
ental 


|} .02 
>. 94 
>.99 
1.02 
2-99 
1.01 


ratios 
arison 

about 
nts are 
is con- 
he con- 
t al.® is 
son the 
, Berlin 
present 
r differ- 
gure I. 
ncluded 
. for the 


ght line 
ity rate 
uals of a 
animals 
»presents 
osure to 
ily dose) 
d, there- 
he aging 


RADIATION 


RATE 


MORTALITY 








EXPOSURE TimE InN DAYS 


Fic. 1. Gompertz curves for mice. Mortality rate = 
fraction of mice alive at a given age dying per day. 
Exposure time=age of mice—age at start of ex- 
periment (about seventy days). 


process. If these curves represent the true 
situation, spontaneous aging and aging 
brought about by chronic exposure to 
radiation may be considered to be additive. 
It should then be possible to assign a 
fictitious dose rate of radiation to the 
spontaneous aging curve (controls). This 
may be done in the following manner. The 
equation for each curve is 


r=re™ 
where 


r)=initial mortality rate 

e = base of natural logarithms 
m= slope of straight line 
r=mortality rate at time ¢. 


If we assign a fictitious dose rate of s 
“rt /day to the control curve, the equa- 
tion becomes 


r=re* 
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where 
k=constant. 


Since application of the Gompertz function 
to the mortality of animals irradiated at 
constant dose rate requires that the slopes 
vary linearly with dose rate, and this was 
indeed the way in which the relative values 
of the slopes were derived from the experi- 


mental data, the general equation for all the 
curves is 


r= roeh(etyt 
where 


y =dose rate of applied radiation 
s=fictitious dose rate for spontanecus 
aging. 


This enables us to calculate s for the mice 


of Lorenz ef al.’s experiment. From the 
data in Table 1 


k= 3.48 X 10 in units of r~! 


$=12.8 “r’’/day. 


This procedure may be justified in the 
following manner. In Table 111, Column 2, 
are given the exposure times for different 
daily doses (Column 1) for which the 
mortality rate is 0.01, as read from Figure 
1. The actual accumulated doses for these 
exposure times are given in Column 3. It 
will be seen that the accumulated dose for 
8.8 r/day is much higher (4.27 times) than 
for 1.1 r/day. This means that radiation 
delivered at the rate of 1.1 r/day is about 4 
times more effective than radiation de- 
livered at the rate of 8.8 r/day in changing 
the mortality rate of the mice from the 
initial value to 0.01; that is, in aging the 
animals. This is the reverse of what one 
would expect. However, if to the actual 
daily dose y is added a fictitious daily dose 
s of 12.8 “r”/day (Column 4) the total 
accumulated dose (Column 5) is the same 
for all daily doses. This, of course, is a 
mathematical trick, but it provides a 
simple way of taking into account spon- 
taneous aging. 

As pointed out by Jones,‘ the effect of 
exposure to radiation at a constant daily 
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Taste Ill 


FOR MORTALITY RATE r=0.01 (LORENZ ef al.’ MICE) 


5 


Accumu- 
lated 
Dose 

Fictitious 

and 
Actual “‘r” 


Expo- 
Daily sure 
Dose Time 
yinr in 

Days 


Accumu- 
lated 
Dose 

inr 


, 500 
$00 
, 500 
,§00 
, 500 


986 
1,828 
3,195 


4,21§ 


dose may be thought of as an increase in 
physiologic age as compared to chrono- 
logic age. Thus, from Figure 1, after mice 
have been irradiated at 8.8 r/day for 420 
days, the survivors have the physiologic 
age (r= 3 X107*) of the controls at 710 days 
after the experiment was started. In other 
words, the irradiated mice have been aged 
by 710—420=290 days by an accumulated 
dose of 8.8X420= 3,700 r. Since in Figure 
1 the total accumulated dose (fictitious 
+actual) is the same for any given value of 
the mortality rate r, the increase in physio- 
logic age brought about by a given dose of 
radiation chronically administered may be 
determined simply by dividing the dose by 
12.8. Thus, in the above example the 
accumulated dose was 3,700 r. Taking this 
as the fictitious dose accumulated by the 
controls at the rate of 12.8 “r’’/day, we find 
that it would take 3,700/12.8 = 289 days to 
do so, which is the difference between 
chronologic age and physiologic age found 
above. The difference is the same for the 
same accumulated dose, irrespective of the 
daily dose at which it is delivered, within 
the daily dose limits shown in Figure 1. 
Thus, with a daily dose of 4.4 r/day, it 
would take 840 days to deliver 3,700 r. At 
this time the mortality rate (for 4.4 r/day) 
would be 2X10~* and the corresponding 
time for the controls would be 1,130 days. 
The difference is again 1,130—840=290 
days. This may be shown analytically as 


follows: For a given mortality rate r 
(s+y)¢=st.= constant 
where 


t=exposure time 
t.=time for which mortality rate of con- 
trols is r 


and the other symbols are the same as 
before. 

This holds for any combination of y and 
t encompassed by the data of Figure 1. 
(The main point to bear in mind is that the 
highest dose rate used in the experiment 
was 8.8 r/day and it is not known how much 
higher it could be and still conform with 
the relationships derived earlier.) Then the 
difference between chronologic age and 
physiologic age is 


where Dace.=accumulated dose (at any 
dose rate not greater than 8.8 r/day). 

It is well known that the difference be- 
tween chronologic age and physiologic age 
is somewhat larger than the life shortening. 
However, the former has the great ad- 
vantage that to determine it, only the 
accumulated dose need be known—once 
the value of s has been determined. There- 
fore, it may well be used to determine the 
approximate life shortening. (It will be 
seen later that in the case of man a better 
procedure is available). 

From the foregoing it is evident that for 
most practical purposes the extrapolation 
from mouse to man requires only a Gom- 
pertz curve for normal aging and_ the 
determination of the fictitious dose rate 5, 
applicable to the chronic whole-body irradi- 
ation of man. Considerable importance 
should be attached to the italicized 
words. In the experiment of Lorenz et ai.‘ 
the distribution of radiation was nearly 
uniform throughout the body, because of 
the small size of the animal and the high 
penetrating power of the radiation (radium 
gamma rays). Therefore, all organs received 
nearly the same dose and the life shorten- 
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ing was due to the summation of the effects 
in all organs. In man the distribution of 
radiation may be quite non-uniform, in 
which case the effect of a dose, as usually 
measured, would be expected to be less than 
when the distribution is more nearly uni- 
form. 

Curve 4 in Figure 2 is a representative 
Gompertz curve for man. It is a straight 
line only after age thirty-two but for the 
present purpose it has been extended to age 
twenty. The dotted portion of the curve 
represents the true mortality rate ac- 
cording to age, from birth to age thirty-two. 
The “doubling time,” that is, the time re- 
quired to double the mortality rate in the 
straight line portion of the curve is 8.5 
years; hence, the slope is 


3.1§ X 107? years! 





= 2.2310 days—'. 


The slope for the control mice was found 
to be 4.45 X10-* days~', which is 20 times 
greater than that for man. Therefore, 
these mice age 20 times more rapidly than 
man, per unit of time (per day). If the 
unit of time in Figure 1 is increased by a 
factor of 20 (in which case 200 days on the 
exposure time scale would correspond to 
4,000 days, etc.) the control curve would 
have the same slope as the Gompertz curve 
for the spontaneous aging of man. Or, in 
Figure 2 Curve 4 can be made to represent 
the curve for the control mice by changing 
the age scale by a factor of 20, so that 
twenty years would represent one year of 
the life of the mice after the beginning of 
the experiment; thirty years for man=1.5 
years for mouse, etc. This applies, of course, 
to the straight line portion of the curves. If 
we change the time scale for age, we should 
change it in the whole system in the same 
proportion. Whence the fictitious dose rate 
corresponding to normal aging in man 
should be 12.8 “‘r” per twenty days or 0.64 
“rt” /day. Similarly, the aging effect of 1.1 
t/day on mice would correspond to the 
aging effect of 1.1/20=0.055 r/day on man, 
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Fic. 2. Gompertz curves for man. Mortality rate= 
fraction of individuals of a given age dying per 
year. Curve 4 represents spontaneous aging. If 
fictitious dose rate for A=0.64 ‘“r”/day, Curve B 


corresponds to 0.1 r/day, and Curve C corre- 
sponds to 0.5 r/day. 


etc. On this basis, Curve B, Figure 2 repre- 
sents 0.1 r/day and Curve C represents 0.5 
r/day. 

Analytically, the problem may be treated 
as follows: First it should be noted that the 
Gompertz curve for man may be obtained 
from data compiled by the National Office 
of Vital Statistics and represents the true 
situation, since millions of individuals are 
involved. The one for mice is essentially an 
assumed curve, which may be in error by a 
considerable amount. Therefore, the slope 
is not known accurately. Assuming that it 
is correct, we have for the same initial mor- 
tality rate ro and the same mortality rate r 
at the same time ¢, in the Gompertz 
straight lines 


r=re™'=roe™' 


where 
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m.= slope of straight line for control 
mice (Fig. 1) 
M =slope of straight line for man (Fig. 
, 4) 
and 


= time in days. 


Since the difference in the slopes was found 


above to be 20-fold 


Now, 


it was found that for the control mice 


m,.=12.8k 


therefore, 


Hence, by taking 0.64 “r’’/day as the fic- 
titious dose rate corresponding to spontan- 
eous aging in man, we have assumed that k 
is the same for mouse and man. All we know 
for sure is the value of M (for man). If the 
analysis of the mouse data of Lorenz e¢ a/. 
is reasonably correct, we also know m, and 
k for mice. On the same basis there should 
be a k and a fictitious dose rate s for man. 
Denoting these quantities for man by kw 
and sy we have 
I 


~ sk=4.45X 10% 
20 


suku = 


where s and & represent the values for mice 
already found. It is evident that the values 
of sy and ky may vary widely so long as 
their product equals 4.45X10-. There- 
fore, in order to determine the fictitious 
dose rate sy for man it is necessary to know 
whether ky =& or, if it does not, how it dif- 
fers from k&. A preliminary analysis of ex- 
periments on rats similar to Lorenz et a/.’s 
experiments on mice conducted by Dowdy, 
Boche and Bishop and reported by Boche? 
indicates that & is very nearly the same for 
rats. This, however, may be an accidental 
coincidence and in any case not much 
weight can be given to it in the extrapola- 

tion to man, since the life spans of rats and 
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mice are nearly the same. It may be pos- 
sible to get some guidance by considering 
the physiologic implications. 

In our analysis we are really postulating 
that there is some agent (of unknown na- 
ture) that is responsible for spontaneous 
aging in mouse and man. The agent need 
not be the same in both cases, but its po- 
tency is expressible in some unit “r,”” equiv- 
alent to one roentgen. Since sX¢ has the 
unit of dose (“r’’/day Xdays), assuming a 
constant & for man and mouse implies that 
a certain dose of this hypothetical agent 
produces the same change in mortality rate 
in both mouse and man. On this basis the 
agent is equally effective in producing aging 
in both man and mouse. Since the time re- 
quired to do this in the case of man is 20 
times longer than in the mouse case, the fic- 
titious dose rate for man must be 1/20 of 
that for mouse. On the other hand, we may 
get the same result by assuming that the 
spontaneous aging agent has the same dose 
rate (12.8 “r’/day) for both man and 
mouse, but it is 20 times less effective in 
producing aging in man than in the mouse. 
This would imply that the biologic system 
of man is 20 times more stable, vis-a-vis the 
hypothetical aging agent, than that of the 
mouse. At the moment no choice can be 
made between the two alternatives. (As 
pointed out earlier, these are not the only 
two possible alternatives). Since the com- 
parison between man and mouse is usually 
made on the basis of life span; that is, by 
changing the age scale in the ratios of the 
life spans, Curves B and C of Figure 2 have 
been determined on a similar basis but 
using the factor of 20, which applies to the 
respective Gompertz straight lines.* There- 
fore, in Figure 2 the fictitious dose rate for 
spontaneous aging in man (Curve 4) 1s 
0.64 “r’”’/day. The corresponding dose rates 
for Curves B and C are 0.1 r/day and 0.5 


* The ratios of life spans are usually taken as 30 to 36. Our 
ratio of 20 is considerably smaller than this, but comes out di- 
rectly from the slopes of the two straight lines. As pointed out 
earlier, the slope of the line for the control mice is not known ac- 
curately. On the other hand, it should not be assumed that the 
two slopes should be in the ratio of the life spans, since the varia- 
tion of mortality rate with time is very different for man and 
mouse before middle age. 
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r/day, respectively. If it is assumed that 
the fictitious dose rate for man is the same 
as that for mouse; Curve 4 corresponds to 
a dose rate of 12.8 “r’’/day and Curves B 
and C to 2 r/day and 1o r/day respectively. 
We may now estimate the life shortening 
in man to be expected from chronic whole- 
body exposure to roentgen rays of high 
penetrating power. The simple method 
worked out for mice will be used and, there- 
fore, only the spontaneous aging Curve 4 in 
Figure 2 and the fictitious dose rate appli- 
cable to that curve are needed. The curve 
was extended down to age twenty in order 
to consider cases of occupational exposure 
that may begin at that age.* If exposure is 
at an average rate of 0.1 r/day for 40 years, 
the accumulated dose at age 60 will be 
1,460 r. Taking the fictitious dose rate for 
man as 0.64 “r’’/day or 234 “r’’/year, the 
increase in physiologic age will be 1,460 
234=6.25 years. Therefore, at age sixty 
the individual would have the physiologic 
age of a nonexposed individual 66.25 years 
old. The life expectancy of United States 
white males (as of 1950) is sixteen years at 
age sixty and twelve at age 66.25. There- 
fore, the life shortening is four years or 


ie 1 day per r. 

Obviously, if the fictitious dose rate for man 
is 12.8 “r’’/day, the life shortening will be 
approximately 1/20 of a day per r. There- 
fore, life shortening determined on the 
basis of a fictitious dose rate of 0.64 “r” 
‘day may be considered to give a reason- 
able upper limit. There are, of course, some 
variations in the life shortening per r when 
the above calculation is made for other 
ages, because the life expectancy is not a 
linear function of age, but the maximum is 
approximately 1.5 days per r. Considering 
the inherent uncertainties involved, an 
average value of 1 day per r is a close 
enough estimate. 

These calculations have been made for a 
daily dose of 0.1 r because Curve B of Fig- 


* In this country the minimum legal age for work with radia- 
tion is actually 18, 
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ure 2 is for 0.1 r/day on the basis of 0.64 
“r’’/day for Curve 4, and the age differ- 
ence can be read directly from the curves. 
As pointed out earlier in the case of the 
mice, so long as the exposure is chronic and 
the dose rate not too high, the dose accumu- 
lated up to the age of interest is all that is 
needed to determine the approximate life 
shortening. Thus, in the case of the radi- 
ologists in Shields Warren’s survey,’ if we 
take soo r for the average dose accumulated 
up to age sixty, the age difference is 
500 
—_———= 2.14 years. 
0.64 X 365 

The life expectancy is sixteen years at age 
sixty and 14.5 at age 62.14. Therefore, the 
life shortening to be expected is 1.5 years 
(which corresponds to 1.1 day per r). The 
present permissible limit for accumulated 
dose for those occupationally exposed is 210 
r at age sixty. The life shortening to be ex- 
pected on the basis of our assumption is 
less than two-thirds of a year. 


SUMMARY 


The data of the experiment of Lorenz 
et al.® on chronic irradiation of mice with 
radium gamma rays have been analyzed in 
terms of the Gompertz function in such a 
way that the resulting curves are internally 
consistent. The straight line for the con- 
trols (on a semilog plot) represents the in- 
crease in mortality rate with age of the ani- 
mals. It is customarily assumed that, at 
least beyond a certain age, the increase is 
due to the aging process, whatever it may 
be. The slope of the straight lines for the 
chronically irradiated mice is greater than 
for the controls. Therefore, chronic whole 
body irradiation causes an acceleration of 
aging in these mice. Irrespective of the 
mechanism by which radiation causes ag- 
ing, the effect is additive to the spontaneous 
one. From the relative positions of the 
straight lines (Fig. 1) it is then simple to 
calculate a fictitious dose rate of radiation 
that would produce the same aging as oc- 
curs spontaneously. This turns out to be 


12.8 “r” per day. Adding this fictitious 
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dose rate to the actual gamma-ray dose 
rates used in the experiment makes the 
total accumulated dose at the time when 
the groups of mice have equal mortality 
rates the same, irrespective of the dose 
rate (within the limits of the experiment, 
o-8.8 r per day). This is as it should be if 
the effects of the spontaneous aging proc- 
ess and aging by irradiation are additive. 

For man the Gompertz curve is known 
accurately, but varies from country to 
country and to some extent with the year 
when the statistical data were compiled. 
The one given in Figure 2 applies to the 
white population of the United States. It is 
not known how this population would re- 
spond to chronic irradiation and, therefore, 
it is impossible to determine directly the 
fictitious dose rate that would produce ag- 
ing equivalent to spontaneous aging. How- 
ever, a value may be obtained by compar- 
ing the Gompertz straight lines for the 
control and chronically irradiated mice 
(Fig. 1) with the straight line portion of the 
Gompertz curve for man (Fig. 2 4). It is 
found that the slope of the straight line for 
the nonirradiated mice is 20 times greater 
than the slope of the straight line for man, 
when the same time scale is used. This 
means that the mice used in the experiment 
of Lorenz et a/. age 20 times faster than 
man. It is reasonable to assume then that 
the fictitious dose rate for man is I, 
that for these mice. Obviously, if the life 
span of mouse is shorter than that of man, 
either the aging agent (whatever it may be) 
is more powerful in mouse than in man, or 
the biologic system of man is more stable 
than that of mouse. Be that as it may, the 
time rate of aging differs by a factor of 20. 
If we use this factor to determine the fic- 
titious dose rate for man we find that it is 
0.64 “r” per day. On the same basis the 
aging produced in mice by 1 r per day 
should be produced in man by I r in twenty 
days; that is, by 0.05 r per day. This makes 
possible the estimation of the life shorten- 
ing in man to be expected from chronic ex- 
posure at any given dose rate (not in excess 
of 8.8/20=0.44 r per day, 8.8 r per day be- 
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ing the highest dose rate used by Lorenz 
et al.). A simple method for doing this is 
described in the text. 

The most widely quoted estimate of the 
life shortening to be exepcted in man from 
exposure to radiation is one made by 
Hardin B. Jones,‘ which is fifteen days per 
roentgen. The value derived by us is ap. 
proximately one day per roentgen of ac- 
cumulated dose for chronic exposure at a 
dose rate not in excess of 0.5 r per day. The 
National Committee on Radiation Protec- 
tion has recommended a maximum permis- 
sible accumulated dose of 50 r in ten years 
for individuals occupationally exposed to 
roentgen or gamma rays. This amounts to 
210 r in forty-two years (age eighteen to 
sixty). According to our method of estima- 
tion, the life shortening attributable to this 
accumulated dose is about two-thirds of a 
year. On the same basis the life shortening 
to be expected in radiologists who in the 
past (when the dangers of exposure to radi- 
ation were not well known) may have ac- 
cumulated whole-body doses of 500 r is 1.5 
years. 

It should be noted that the method of 
extrapolation from animal to man devel- 
oped by us has only one new feature—the 
assignment of a fictitious dose rate to spon- 
taneous aging. This is really a necessary 
consequence of the application of the Gom- 
pertz function to the mortality of chron- 
ically irradiated animals. Therefore, if this 
is justified, the extrapolation according to 
our method is correct in principle. How- 
ever, owing to the small numbers of ani- 
mals used in chronic exposure experiments, 
the derived numerical values for man may 
have a considerable error, but this would 
not be so large as to make the life shorten- 
ing in man equal to anything like fifteen 
days per roentgen. It is well to point out 
explicitly that the present discussion ap- 
plies only to chronic exposure at low dose 
rates—not to the effect of a large dose re- 
ceived in a short time. 


G. Failla, Se. D. 
630 West 168th Street 
New York 32, New York 
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Representative Ho.irietp. Our next witness will be Dr. James 
Crow, professor of genetics and zoology, University of Wisconsin. 


STATEMENT OF DR. JAMES CROW,’ PROFESSOR OF GENETICS AND 
ZOOLOGY, UNIVERSITY OF WISCONSIN 


Dr. Crow. Thank you, sir. 

Representative Hoxirretp. It is nice to have you with us again, sir. 

Dr. Crow. Thank you. I should like, Mr. Chairman, to join those 
others who have commented favorably on the careful, detailed, un- 
biased, and conscientious efforts of the Special Subcommittee on 
Radiation and its chairman and staff. The large amount of material 
assembled from diverse sources and made available to the public has 
been and will continue to be invaluable. 

The work of this committee, the NCRP, the ICRP, the National 
Academy committees, the United Nations committees, the Federal 
Radiation Council, and others insure that we are moving into the 
nuclear age with careful consideration of the health problems. This 
has not always been true of new technical developments. 

There has been criticism that too much attention has been given 
to radiation effects, and that chemical industry has developed with 
much less public discussion of toxicity levels and health hazards. 
This may be true, and to the extent that trained manpower that is in 
short supply is taken from more urgent or more basic problems to 
work on radiation protection, the attention to the hazard becomes 
itself a hazard. But I believe that the thought, the discussion, and 
the detailed work done on this question are far better than the hap- 
hazard way in which many other health risks have grown. 

In some respects knowledge of radiation effects is very deep. Meas- 
uring instruments have a sensitivity such that extremely minute 
amounts can be detected. The physical knowledge of different kinds 
of radiation is solid. The qualitative effects of radiation on plants 
and animals are known in great detail, and extrapolation to man is 
fairly secure. It is when we come to the quantitative effects of low 
doses that the great uncertainty appears. 

As has been brought out repeatedly before this committee and else- 
where, the genetic effects of radiation seem to have no threshold and 
the best evidence is that, at the low doses to which the public is likely 
to be exposed in peacetime, the genetic risk is, to a first approximation 
at least, simply proportional to the total dose prior to reproduction. 

Russell’s work on mice, confirmed for Drosophilla in Muller’s labora- 
tory, shows that in the early germ cell stages chronic irradiation is 
less effective than acute. This and other complications make the 
quantitative assessment of genetic risks seem even more uncertain than 
they did a few years ago. But none of these complications are such 
as to necessitate a revision of the previous conclusion that there is no 
threshold below which the risk is zero. 


1Born Phoenixville, Pa., Jan. 18, 1916; A.B., Friends University (Wichita, Kans.), 
1937; Ph. D., University of Texas, 1941. Instructor and assistant professor, Dartmouth 
College and Dartmouth Medical School, 1941-48 ; assistant professor of genetics and zool- 
ogy, University of Wisconsin, 1948-50; associate professor, 1950—54; professor, 1954 to 
present. Present position : Chairman, Department of Medical Genetics. 

President, Genetics Society of America; associate managing editor, Genetics, 1951—56 ; 
member of NAS Commission on Effects of Atomic Radiations; Genetics Study Section, 
National Institutes of Health; National Committee on Radiation Protection; editorial 
board, American Naturalist. 
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In the past few years there has been an increasing tendency to use 
the same concept in setting dose limits for somatic exposure. This is 
reflected in the report of the ad hoc committee of the NCRP and by 
the Federal Radiation Council. This view is adopted not because 
it is proven, but because it is not unlikely that at least some components 
of somatic effects follow such a rule and this seems like a prudent, 
conservative principle to follow. 

At the 1959 hearings I suggested, along with Dr. Schubert and 
others, that the natural background level of radiation be used as a 
vardstick for setting general population standards. This is a dose 
to which the population has been exposed throughout its history 
and, though hardly beneficial, it has not been disastrous. This was 
not a new idea at the time, for it was then a part of the thinking of 
the ad hoe committee and had come up earlier in NCRP and ICRP 
discussions. I am pleased that the Federal Radiation Council has 
adopted this view. 

In its background statement it says, and I quote: 

We believe that the current population exposure resulting from background 

radiation is a most important starting point in the establishment of radiation 
protection guides for the general population. 
I am departing slightly from my prepared statement in the interest, 
[ think, of greater clarity. For the genetic dose the National Academy 
of Sciences committee recommended that the population average of 
manmade radiation from all sources be kept below 10 roentgens in a 
30-year period. This is about three times the background level but 
includes medical and dental radiation. The NCRP recommendation 
is similar. The ICRP has recommended 5 rems for 30 years, plus 
the lowest possible contribution from medical exposure. The Federal 
Radiation Council has adopted this same value for its radiation 
protection guide. 

With respect to the somatic dose, the TCRP has suggested that for 
planning purposes the average concentration of such isotopes or mix- 
tures thereof in air or water applicable to the population at lar 
should not exceed one-thirtieth of the occupational values. For whole 
body radiation this is 1.70 millirems per year, or about 1.7 times the 
background level. 

The ad hoc committee recommended that the maximum permis- 
sible dose of manmade radiation, excluding medical and dental sources, 
should not be substantially higher than the background without a 
careful examination of the reasons for higher values. They suggested 
that the background level be arbitrarily taken to be one-tenth rem, 
or 100 millirem per year. The Federal Radiation Council recom- 
mends 170 millirem per year for whole body average for population 
groups. Thus there is a considerable agreement among all these 
groups. The various recommendations are of course not completely 
independent, for each group had previous reports of the other groups 
and several persons dicted! in more than one group. But that all 
these groups agree that the natural background level is an appro- 
priate yardstick and that the population average level should be m the 
range of 1 to 2 times background is significant. 

According to the Federal Radiation Council these values for the 
general population and the NCRP recommendations for occupationally 
exposed groups do not appear to restrict unduly the beneficial use of 
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radiation. I hope that such levels or lower levels can be adopted as 
standard practice. 

It is important to reiterate that, on the principles now generally 
adopted, iets is no sudden change from safe to dangerous as an 
arbitrary point is passed. The average should be kept as low as 
feasible and I hope it will continue to be well below the values 
specified by the maximum permissible dose and the radiation protection 
guides. 

Senator ANnperson (presiding). Mr. Ramey has a question. 

Mr. Ramey. You mentioned that you thought that the Federal 
Radiation Council was adopting this concept of using the background 
radiation as a measure. You quoted them as saying that this is a good 
starting point. There width a little difference from using some- 
thing as a starting point and using it as a framework or measure or 
system of your standards for radiation. How is the way the Federal 
Radiation Council treated this compared with the subcommittee that 
you were on or the NCRP, in looking at background radiation as a 
measure / 

Dr. Crow. I think, Mr. Ramey, that there is a fairly broad general 
agreement. The limits as stated by the Federal Radiation Council 
are given in rems, not in terms of so many backgrounds. But the 
average population dose that they consider, which is 170 millirems, 
does amount to 1.7 times the background level. I would say that 1.7 
times is within the meaning of the ad hoc committee’s report when 
it says it should not be substantially higher. I perhaps should say 
one more thing. My concern here is not so much with individual minor 
deviations as it is with the average level for the population. I have 
therefore chosen to emphasize the 1.7 in the report, rather than the 
higher value given for an individual instance of a particular person. 

Mr. Ramey. Is this what you would call external radiation in this 
connection ¢ 

Dr. Crow. I think this is intended as the total for all sources of 
radiation averaged over the population. It is important, I think, to 
realize that for many wide scale sources of radiation contamination, 
it is going to be impossible to measure the dosage for particular in- 
dividuals. This has to be set somehow by regulating the environment. 
For such purposes, it is necessary to determine the environmental levels 
in such a way that a typical person in this community does not exceed 
the official value. 

Mr. Ramey. I believe you were here yesterday and heard the dis- 
cussions of the role of the Federal Radiation Council? Do you think 
it should have public members or members drawn not as Federal official 
representatives and reflect the point of view, perhaps, of the State 
organizations that will be implementing these codes, or representing 
the broad public interest at large. 

Dr. Crow. This is not a point to which I have given serious dis- 
cussion, so any opinion I express is clearly off the cuff. In this respect 
I am not dissatisfied with the present makeup of the Council. 

Mr. Ramey. Another point that has been discussed is whether the 
Federal Radiation Council should bring in economists, statisticians, 
and others in measuring benefits as against risk and not just strictly 
scientific people, if you want to put it that way, in the biological 
sciences. What do you think of that type of recommendation ? 
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Dr. Crow. I think the measurement of benefits is at least as uncer- 
tain as the measurement of risks in any such issue as this. The limits 
of uncertainty are at least as wide. One of the reasons why I favor 
trying to set the population level, based on the background rather 
than on comparison with other kinds of risk or assertions as to possible 
benefits is really to get around this kind of uncertainty. This hardly 
answers your question but it gives me a reason for not answering it, 
and I think that is what I would rather do. 

Mr. Ramey. If you put it just at the background that might be the 
case. But if you use that as a measure, and then you make it three 
times the background, then there must be some reason for three times, 
because your experience is with one time. 

Dr. Crow. I agree. If it were within my power to do so, I would 
like to set it as equal to one times the background and not 1.7 times. 

Mr. Ramey. There must be some judgment factor in addition to the 
biological factor. There must be some social judgment to take it up to 
those points. 

Dr. Crow. Clearly. I would be the last to assert that only biological 
considerations enter into this. If the Federal Radiation Council or 
any other group sets levels that are so low that they are a serious 
impediment to the economy or to the military or to our world peace 
efforts this obviously has to be taken into considerations. I am actin 
in what I said here on the assumption, as asserted by the Federa 
Radiation Council, that the kinds of levels they are recommending 
would not place any undue burden. 

Mr. Hotuisrer. But they confine their report as I read it to normal 
peacetime operations without defining what that means. 

Dr. Crow. Yes. 

Mr. Houuister. So would you agree that one could not come to any 
conclusions from the Federal Radiation Council report as it stands 
concerning other aspects of national policy than normal peacetime 
operations ? 

Dr. Crow. I suppose so. I would like for any agency that makes 
decisions of a military nature or of national policy to take these values 
into consideration as well. It would seem to me that only the most im- 
portant necessities should cause them to go above the levels that are 
specified here. 

Mr. Houutster. Dr. Crow, what is the present status of the ad hoc 
committee report? Is it or is it not an NCRP report? Will it likely 
become one ? 

Dr. Crow. I am sorry, I don’t know the answer to that. It has been 
published. It has been submitted to NCRP. Perhaps Dr. Taylor is 
the one to answer that. 

Senator Anperson. Thank you very much. 

Representative Hosmer. Mr. Chairman, I would like to ask Dr. 
Crow a question I asked the first day of the hearings from a witness 
who was not a geneticist. That was in relation to the background level 
of radiation to which mankind has been subject since the beginning 
and the effect as you indicate has been deleterious. Notwithstanding 
we have evolved what we believe to be upward in progress in refine- 
ments as the human beings. How is that anomaly explained? 

Dr. Crow. Let me give two kinds of answers to this, the first being 
rather trivial. I think we have to avoid the assumption that because 
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we have always had something it is necessarily good. People have 
been hit over the head ever since man evolved, and I don’t think any- 
body would assert that this is good. I don’t think we can say that 
because natural radiation is something we have always lived with it 
is likely to be good. I think the deeper aspect of your question is 
this: You call attention to the apparent paradox that a process like 
mutation, which we say is intrinsically harmful, can nonetheless be 
responsible for the progressive evolution that has taken place in the 
long past. I would say the answer lies as follows: 

he average mutation is harmful but among the mutants that occur 
there will be a small fraction of beneficial ones and natural selection 
is the process that picks out the beneficial ones and retains them. I 
think it is not difficult to see how a process that is mostly harmful can 
nonetheless be accompanied by a natural selection and a small benefi- 
cial minority can be picked out. 

Representative Hosmer. Would a concomitant of your explanation 
be that by increasing the number of mutations you would thereby 
increase the rate at which evolutionary progress is made? 

Dr. Crow. I would like to answer that two ways, too. I think there 
is serious doubt in any organism as to whether the rate of evolution is 
strictly proportional to the rate of mutation. Whether the present 
mutation rate in any organism is above or below the optimum rate, I 
don’t know. I think the most important thing to say about this is 
that with respect to the human population I am much more concerned 
with the welfare of the particular individual in the next generation, 
the next, and the next, than I am with the longtime evolution several 
million years in the future. If we were organisms like wheat plants 
or farm animals, I would be perfectly willing to consider the possi- 
sae of irradiating the population and expect to produce a thousand 
freaks in order to get one genius. I think in the human population 
we simply cannot operate in this way. 

Representative Hosmer. I don’t know whether or not we should have 
less concern for the 20th generation hence than for the thousandth 
or the 10th. ; 

Dr. Crow. I did not say 20th; I said millions of years. 

Representative Hosmer. In the ordinary sense they say distance 
lends enchantment or makes the heart grow fonder. I think you are 
taking the reverse course. 

Dr. Crow. If you call looking 10,000 years into the future short 
range, I am taking a short-range view. I think this is much further 
in the future than we usually use. My belief, and what I want to assert 
here, is that there is ample genetic variability now existing in the 
population. When you consider the extremes of intelligence of Ein- 
stein and the village idiot, and everything else that we see in the human 
population, I am not worried about the need of new mutations to pro- 
duce new kinds of traits that no one has yet thought of. 

Representative Hosmer. Do I understand from what you have said 
that had it not been for this process of mutation we would still be in 
the very elemental stage of life? 

Dr. Crow. Yes; I am sure this is true. 

Mr. Hotuister. Dr. Crow, I would like to ask a question which 
involves simple terminology, but which seems to cause people diffi- 
culty. If I have a large population and they are exposed to a certain 
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dose of radiation, would you say that this population has been put at 
risk or would you say that this population has been injured ? 

Dr. Crow. I would say it has been put at risk. 

Mr. Ho uister. In other words, there is a possibility that if 100,000 
people get 5 r., they might not be any worse off than they were before. 

Dr. Crow. This is a possibility, though the probability might be 
extremely small. I think where individuals are involved we have to 
speak in terms of probabilities and risks rather than certainties. 

Mr. Houuisrer. Even when you are talking about a population and 
not about an individual. 

Dr. Crow. I guess it depends on the size of the population. You 
can certainly make the population so large that the probability be- 
comes more and more of acertainty. Just where to draw the line I can 
only guess. I was thinking when you asked your question primarily 
of the genetic effects rather than somatic. 

Mr. Houuister. This is what I am asking. 

Dr. Crow. In this respect, I would say that if an entire population 
the size of the United States is irradiated with 5 r., the risk of some 
damage in future generations is so high that it is what we ordinarily 
call certainty. 

Mr. Houuister. Or injury. 

Dr. Crow. Or injury. 

Mr. Houuister. Thank you. 

Representative Hosmer. I was just wondering if you would com- 
ment on Dr. Failla’s concern that the present day advances in medi- 
cine are producing a pool of mutated genes which have an adverse 
effect? As I understood his statement was that possibly poses a much 
greater danger than radiation. 

Dr. Crow. I think that is likely to be true. I therefore think that 
any amount of effort that is expended, in the direction of devising 
ener and educating physicians in such a way that the exposure 
of radiation attendant to medical care is reduced, is all to the good. 

With respect to actual control, especially for somatic effects and 
where the individual patient and physician are involved, I see great 
difficulty in trying to regulate something like this which depends so 
much on the individual judgment of the physician. 

Representative Hosmer. His point was that possibly keeping the 
deformed individual alive through the reproductive period rather 
than, as in the past where such a person did not survive to procreate. 
My question was directed to the relative importance of that problem as 
against the radiation problem. 

Dr. Crow. I think that you can say that medicine or any other 
economic advance has in fact created a problem for the human species. 
Certainly people are surviving and reproducing now with various 
kinds of defects that would have died in an earlier generation. In 
a sense you can say that the future of the population is being impaired 
to some extent by this. I would rather not regard this in exactly the 
same light as one does radiation effects, however, because in this case, 
we are eee problem, rather than creating it. Whereas with 
the radiation problem, it seems to me the problem is actually being 
created by radiation. 

Representative Hosmer. The consequences were the same. I was 
trying to have you express an opinion as to the relative magnitude. 
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Dr. Crow. I think it is extremely difficult to quantify. I think both 
are problems. I don’t think geneticists are at all agreed on the rela- 
tive magnitude or on what public policy should be on the problem you 
raised. To assert that it is a problem, I quickly will. 

Representative Hosmer. I will say that the problem has been raised, 
but not answered. 

Dr. Crow. Yes; but just don’t ask me to solve it. 

Representative Durnam. What in effect you are saying, Dr. Crow— 
and I have high regard for your knowledge in this field—is that this 
is not the only danger that exists to human beings. We have other 
dangers that we have not solved, either. 

Dr. Crow. I certainly agree. I don’t think it takes a geneticist to 
point this out. 

Representative Durnam. You know you get rather alarmed when 
you read the paper this morning. You hit Pennsylvania Avenue, 
and you cannot see the Capitol because of pollution in the air, and 
then you read a statement by scientists who I think are pretty accu- 
rate as to what we face. Radiation is not the only danger. American 
people should not get alarmed over this only but should get alarmed 
over some of these other problems we have to face. That was an 
alarming statement this morning, and I think it is accurate because 
I happen to know the individuals who made that survey at Bethesda 
at the Institutes. That is on the pollution. 

Dr. Crow. I could not agree more. We have a tremendous number 
of problems to face. However, these hearings are about radiation 
effects, and that is what we are here to discuss. Nevertheless, I think 
that there is this to be said: It seems to me that pointing out that 
some other things, such as automobile accidents, are responsible for 
more harm to population than radiation is all right. But I think the 
re re that we should ignore one thing because something else 
is igeer is not valid. I would assert that the attitude one takes to- 
ward a risk is whether it is something you can do anything about. 
With respect to radiation risks, one can do something about it. I 
am in favor of doing what we can. I have the same feeling about 
automobile accidents. 

Representative DurHam. It is true. The reason I asked the ques- 
tion 1s the fact that American people seem to get alarmed and upset 
by a little radiation when we have other pebbiduet that are just as 
important and far more dangerous at this time. : 

Senator Anperson. Are there additional questions? Mr. Ramey. 

Mr. Ramey. We have talked a good deal about this problem of low 
level radiation and that we really don’t have so much evidence on these 
effects. Do you think from the standpoint of a research program that 
we are doing all we could or should in terms of finding out low level 
effects of radiation ? 

Dr. Crow. Let me speak particularly with respect to genetic effects. 
I would rather you ask the question of someone else regarding somatic. 
This is something I have thought about quite a bit and still don’t have 
a decision. I think there is this to say. What we know about 
genetics now has come a great deal from highly hypothetical theoreti- 
cal studies done in the past. I think it eal be unwise to drop our 


basic genetic research program in favor of any kind of empirical large- 
scale study trying to get an answer to a specific human question, when 










- OF ee 


Aree 


RADIATION PROTECTION 227 
there is considerable doubt as to what one actually would learn. I 
would be happy if there were more research done by geneticists in 
trying to assess human radiation risks. But I would not be happy if 
too many people moved away from research in fundamental genetics 
in order to do this. This is an equivocal answer, but this is what I 
want to give. 

Mr. Ramey. Or even on animal research, using the low level dose / 

Dr. Crow. There are a number of experiments now being done. I 
would be happy to have them increased. I think the critical problem 
is one of manpower. It is not going to do much good to expand 
tremendously some programs if there is not the adequate manpower 
to carry them out properly. 

Senator Anperson. Thank you, Doctor. Many of us very much 
appreciate the contributions you have made frequently to our 
hearings. 

Dr. Crow. Thank you. 
Senator Anperson. Dr. Lewis. 






































STATEMENT OF DR. E. B. LEWIS,’ PROFESSOR OF BIOLOGY, 
CALIFORNIA INSTITUTE OF TECHNOLOGY 





Dr. Lewis. I would like to thank the committee for this opportunity 
to appear again. 

Senator Anperson. Like Dr. Crow, you have been here before, and 
we are glad to have you back. 

Dr. Lewis. Thank you. My statement will be concerned primarily 

with the biological concepts underlying radiation criteria and stand- 
ards. In particular I wish to discuss the standards as they relate to 
the exposure of the general population and as they relate to the long- 
term somatic effects of radiation. In doing so, I shall draw in part 
upon ideas developed in a report of an ad hoc committee of which I 
was a member of the National Committee on Radiation Protection. 
The report I refer to is entitled, “The Somatic Radiation Dose for 
General Population.” It has been published in Science, and is re- 
printed in the Joint Committee print of these hearings. (Preprint, 
». 1085.) 
I wish to discuss three interrelated topics. First, the reasons for 
bringing radiation protection guides for somatic tissues of the general 
population into line with those developed for the gonads. Secondly, 
the reasons for setting radiation protection guides for somatic tissues 
of the general population close to the natural background level of 
radiation. Thirdly, the reasons for trying to make estimates of the 
extent of somatic injury which the population might experience were 
it ever to actually reach the radiation protection guide. 

To go then to the reasons for bringing somatic radiation protection 
guides into line with those for the gonads: When protection standards 
were first developed for those occupationally exposed to radiation, it 
was assumed that there would be a threshold dose for somatic injuries. 
The threshold was taken as that dose below which no injury or at least 
no significant injuries had been seen in an exposed population of indi- 
viduals. In some instances the standards were set at levels which were 
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a fraction of the assumed threshold dose in order to have a built-in 
margin of safety. Thus radiation protection standards tended to be 
regarded as truly safe levels of exposure. 

As more information about the biological effects of ionizing radia- 
tion became available, it was evident that there might not be a thres- 
hold dose for the production of gene mutations so that standards for 
the gonads were set lower than those for other organs of the body. In 
recent years, it has become increasingly evident that there may also be 
no threshold dose for the induction of long-term somatic effects in 
man, for example, the induction of leukemia. Moreover, a number of 
sets of human data indicate that at least at relatively high doses of 
radiation the curve relating dose to leukemia incidence is approxi- 
mately a straight line, as though the dose effect relationship in this 
case isa linear or directly proportional one. 

There remains, however, uncertainty as to the exact shape of the dose 
effect curve at relatively low doses, say under 50 rads. However, as 
far as the practical matter of developing radiation protection criteria 
is concerned, it now seems only prudent to assume that there is no 
threshold. The ad hoc committee report to which I referred stresses 
that it is prudent to assume also that the dose effect relationship may 
be linear. In making that assumption, the report stresses that it is 
clearly an unproved assumption. The reason for making it is to have 
a premise which— 


if in error would be likely to overestimate the effect of low doses rather than 
underestimate it. 

One of the consequences of such an approach is to place the criteria 
and standards for somatic exposure of the general population on very 
much the same footing as those for gonadal exposure. In view of the 
above considerations and in view of recent findings that the fetus may 
be especially sensitive to somatic radiation injury, there is good rea- 
son to keep radiation protection guides and radiation concentration 
guides for somatic tissues of the general population at least as low as 
those for the gonads. 

Another consequence of the assumption of a linear dose effect rela- 

tionship which the ad hoc committee report stress is that— 
On this assumption or any other nonthreshold assumption, it follows that even 
the smallest dose is associated with some risk. Under these circumstances the 
exposure of the population to any increase in radiation should not occur unless 
there is reason to expect some compensatory benefiits. 

Much will have been accomplished if it can be made clear that the 
purpose underlying the setting of a radiation protection guide is to 
prevent unnecessary exposure of the individual to radiation. The 
fact that a dose from some manmade source of radiation is well below 
the population guide does not in itself constitute justification for ex- 
posing the population to that source. Rather we must inquire how 
the risks, if any, from such an exposure compare with the expected 
gains. 

The problem of evaluating the biological risks and of attaching a 
specific numerical value to the population guide are, of course, related 
problems. This brings us to a consideration of the second and third 
topics. 
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The reasons for setting somatic radiation protection guides close to 
the natural background dose levels: The ad hoc committee report 
also suggests relating the population dose for somatic tissues to the 
natural Tcleenitaal dose. Even though the latter dose varies from 
place to place, nevertheless, the average annual dose from all natural 
as opposed to manmade sources is thought to be in the vicinity of one- 
tenth rem to most body organs. Although it was not the responsi- 
bility of the ad hoc committee to determine an exact level for the popu- 
lation dose, the committee suggested that— 


the population permissible somatic dose from manmade radiations, excluding 
medical and dental sources, should not be larger than that due to natural back- 
ground radiation without a careful examination of the reasons for and the 
expected benefits to society of a larger dose. 

The reason for recommending that the population dose be related 
tothe natural background dose is stated as follows : 


The further we get from this level, the less confidence we have that any effects 
will be similar in kind and quantity to those the population has experienced from 
natural background radiation and has been able to tolerate in the past. 

This method of examining the actual value to be placed on the popu- 
lation dose is not wholly satisfactory, but it is felt to be more satis- 
factory than other methods that were considered. It should be real- 
ized that, on the above assumption that somatic and germinal defects 
arise in direct proportion to the dose, a sizable fraction of such de- 
fects in the uaialiiis may actually be produced by the natural 
background radiation. 

Mr. Chairman, at this point I would like to read two relevant sen- 
tences from the Federal Radiation Council Report No. 1. I did not 
have time to insert them into the prepared statement. 

On page 27 of that report, it reads: 


Thus we recommend the use of 0.17 rem for yearly whole body exposure of 
average population groups. 


Further on that same page: 


The use of 0.17 rem per capita per year, as deseribed in paragraph 5.4 as a 
technique for assuring that the basic guide for individual whole body dose is not 
exceeded is likely in the immediate future to assure that the gonadal exposure 
guide is not exceeded. 


So I think it is very gratifying that the Federal Radiation Council 
report is in substantial agreement with the ad hoc committee report. 
As we just heard discussed, there is only the disagreement over 0.17 
versus 0.10, and this would not be regarded as substantial. It would 
be simpler to remember if it were 0.1. Perhaps this can be remedied. 

The third topic I wish to discuss is evaluating one of the somatic 
risks. I believe it is essential to try to make scientific estimates of the 
percentage increase in somatic injury that might be expected to arise if 
a given radiation protection guide were reached and maintained. 

Now, attempts to make numerical estimates of somatic damage are 
frequently criticized on the grounds that if the risk should prove to 
be less than predicted, an exaggerated fear of radiation is generated 
in the public’s mind. On the other hand, failure to make such esti- 
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mates in my opinion is likely to create an irrational fear on the part of 
the public, namely, a fear that the risk is greater than it really is. 

The philosophy behind making rough estimates of this kind and 
the significance to be attached to them has been elaborated in detail 
by the National Academy of Sciences Committee on Genetics Effects 
of Atomic Energy, which was concerned, of course, with making es- 
timates of genetic damage from ionizing radiation. That committee 
has noted that— 


It is necessary to emphasize this matter of approximate estimates so that no one 
will improperly conclude that a statement is unreliable because it involves a 
range of values. On the contrary, such a statement when made in a situation 
like the present one should be viewed as all the more dependable precisely because 
it does not pretend to an unwarranted accuracy. 

As far as human beings are concerned, the most extensive data avail- 
able for making an estimate of the risk of somatic damage following 
radiation are those on the incidence of leukemia following chronic or 
acute radiation at relatively high dose rates. Therefore, estimates 
will be confined to this example. 

On the assumption that this particular somatic effect arises in direct 
prepeciion tothe accumulated dose, it can be estimated that the natural 

ackground radiation dose rate of about one-tenth rem per year may 
well account for 10 percent of the natural incidence of this disease. 
Currently, the leukemia death rate in the United States is about 12,000 
deaths per year. 

The value recommended by the Federal Radiation Council as a 
radiation protection guide for yearly whole body exposure of aver- 
age population groups is close to the natural background dose, and is, 
as we just read, 0.17 rem. Were the entire U.S. population to reach 
and maintain this value of 0.17 rem per year, then at equilibrium one 
might expect to see a 17-percent increase in the natural incidence of 
the disease. This estimate, even granting the correctness of the as- 
sumption of direct proportionality, may still be off by a factor of two 
or three in either direction. This would mean roughly 2,000 more 
deaths per year with a range from 600 to 6,000 deaths per year, assum- 
ing no Increase in population size. This would be such a sizable num- 
ber of deaths that it becomes a compelling reason to try to maintain 
the average dose actually received by the whole population or a popu- 
lation group as far below this radiation protection guide as possible. 
Moreover, these calculations are, of course, for only one somatic effect. 
Other cancers besides leukemia can be induced in man by ionizing 
radiation. 

Also, there is evidence from the studies of Dr. Alice Stewart and 
others that again the fetal stage may be an especially sensitive one in 
this respect. Therefore it seems prudent to assume that the incidence 
of at least some cancers other than leukemia can be increased in direct 
proportion to the accumulated radiation dose. 

The above types of estimates based on the assumption of direct 
proportionality or linearity between dose and effect are sometimes said 
to be the most pessimistic ones that can be made. This is a misconcep- 
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tion since there exist plausible models as well as certain circumstances 
which would give higher estimates of damage. 

In conclusion, the adoption and enforcement of radiation protection 
guides for the general population should prove, on the basis of occupa- 
tional experience, to be practical means of keeping down unnecessary 
irradiation of the individual. 

To evaluate the long term somatic risks associated with such guides, 
it is prudent to assume that there is a directly proportional relation 
between dose and effect. When evaluated in this way, it is found that 
such guides could result in sizable numbers of individuals being ad- 
versely affected. In such circumstances it becomes essential to exert 
every effort to keep the dose which the public actually receives as far 
below the radiation protection guides as possible. 

Senator ANperson. Mr. Hollister. 

Mr. Ho.utstrer. Dr. Lewis, isn’t the practical effect of your argu- 
ment on page 5, 6, and 7 of your statement simply the fact that con- 
sidering Lumen populations from a radiation protection standpoint, 
somatic injury should be treated essentially the same as genetic in- 
jury ¢ 

Dr. Lewis. That is correct. 

Mr. Houutsrer. Having used my own term now, I would like to ask 
you if I give the population of the United States 5 r, do I injure 
them somatically or do I subject them to risk ? 

Dr. Lewis. I would say only that it is likely that you will injure 
some of them. One cannot deal in certainties as to just how many 
will be injured. 

Mr. Hox.ister. So one of the ways of helping the situation that you 
mention about educating the public as to the effect of low levels of 
radiation in the population would be to make some calculations but 
emphasize this risk aspect, is that correct ? 

Dr. Lewis. That is correct. 

Mr. Ho.uister. What do you think will happen to the ad hoc com- 
mittee report? Has the NCRP accepted this as its approach, or will 
it? Doyou know ? 

Dr. Lewis. I cannot speak for the NCRP, because I am not a mem- 
ber. I think it has been referred to their committee as was noted 
when it was published in Science. The disposition was noted there. 
rer being studied by the national committee. That is all I know 
about It. 

Mr. Ho.uister. My only other question, Dr. Lewis, would be to ask 
you to develop just a little more this comment that linearity might 
not be the most pessimistic approach. Is it not true that from the 
standpoint of radiation protection people who have to take some 
approach that there is at present no basis in data or even a sufficiently 
well established theory to warrant some other model more pessimistic 
than linearity ? 

Dr. Lewis. Yes. This is what I would consider the most likely 
model. But I have in mind the following circumstances. About 10 
percent of the children in this country at the present time—somewhere 
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between 5 and 20 percent—have been irradiated in utero. You have 
to make some allowance for this if you don’t believe in linearity. As 
you know, there is some evidence, that is not conclusive, that makes 
it look as though the dose that the child gets when it 1s irradiated 
as an embryo during a pelvimetry is sufficient to induce leukemia in 
a small proportion of cases. It is entirely possible, therefore, that 
if there is a threshold dose for the induction of leukemia, it is a 
relatively low dose. Furthermore, a large fraction of the population 
may well have exceeded such a dose as the result of exposure of somatic 
tissues to medical and dental and other irradiations. It is possible, 
although not likely, that under such circumstances the actual risk 
might be greater than that predicted on the linear hypothesis. 

Senator ANDERSON. Mr. eer: 

Mr. Ramey. Do you have any views on the nature of the research 
program that should be conducted on low dose in the somatic field ? 
Is it adequate? 

Dr. Lewis. I would say that there is a great deal of research going 
on that I know of in this field. I think it is perhaps not adequate. 
We would all hope, I think, to see a lot more done. I can add, though, 
that it gets increasingly expensive to look at increasingly large num- 
bers of individuals to find out if there are slight effects. I think 
there is being started a very commendable effort to make more use 
of our national vital statistics in this respect, and it is possible that 
much can be learned in this way by studying, for example, the oc- 
cupational history or the radiation history of a large group of leukemia 
cases. 

Senator Anperson. Thank you, Dr. Lewis. 

The round table will be on at 2 o’clock this afternoon with these 
and other witnesses appearing. It will be held in this room. 

4 (Thereupon at 11:55 a.m., a recess was taken until 2 p.m., the same 
ay.) 


AFTERNOON SESSION 


Representative HoxirreLp. The committee will be in order. 

The subject this afternoon of the round table discussion is “Biologi- 
cal Concepts Underlying Radiation Protection Standards.” We are 
going to be honored today to have Dr. Failla, Dr. James Crow, Dr. 
E. B. Lewis, Dr. K. Z. Morgan, Dr. H. M. Parker, Mr. Lauriston 
Taylor, Dr. Austin Brues, Dr. Robert Newell and Dr. J. Schubert as 
members of the round table panel. I understand that Dr. Brues could 
not make the meeting today. 

Gentlemen, once again let me extend the thanks of the committee 
for your appearance here today. We are going to have an interesting 
discussion for an hour or so. I know that the interchange will be 
very helpful for the record. 

Among those factors that we discuss this afternoon, I hope you will 
comment on whether you are satisfied with the basic soundness of these 
new standards which have been proposed and make any comment that 
a to make on that particular point. Maybe we will start off 
with that. 


Who would like to make a comment on it? Apparently everybody 
is either satisfied or afraid to talk. I guess I will just have to pin this 
down a little bit more. 

Dr. Morgan. 
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ROUND TABLE ON TOPIC III-A: DR. G. FAILLA, DIRECTOR, RADIO- 
LOGICAL RESEARCH LABORATORY, COLUMBIA, UNIVERSITY; 
DR. JAMES CROW,’ PROFESSOR OF GENETICS AND ZOOLOGY, UNI- 
VERSITY OF WISCONSIN; DR. E. B. LEWIS,’ PROFESSOR OF BIOL- 
OGY, CALIFORNIA INSTITUTE OF TECHNOLOGY; DR. K. Z. MOR- 
GAN,' DIRECTOR, HEALTH PHYSICS DIVISION, OAK RIDGE NA- 
TIONAL LABORATORY; H. M. PARKER,’ MANAGER, HANFORD 
LABORATORIES; LAURISTON TAYLOR,’ CHIEF, RADIATION 
PHYSICS DIVISION, NATIONAL BUREAU OF STANDARDS; DR. 
R. R. NEWELL,’ U.S. NAVAL RADIOLOGICAL DEFENSE LABORA- 
TORY; DR. W. S. SNYDER,’ OAK RIDGE NATIONAL LABORATORY ; 
DR. J. SCHUBERT,* DIVISION OF BIOLOGICAL AND MEDICAL RE- 
SEARCH, ARGONNE NATIONAL LABORATORY 


Dr. Morean. It is my feeling that the report of the Federal Radia- 
tion Council is an excellent one and agrees in almost every detail with 
the recommendations of the National Committee on Radiation Protec- 
tion and International Commission on Radiological Protection. I 
feel it is an excellent production, and it will be very effective. 

Representative Ho.irretp. Thank you. Are there any comments? 

Dr. Fata. I believe this brings up an important point, which is 
that any group of well-informed individuals, trying to set figures for 
these pasialentiin limits or guides, with the information that is availa- 
ble today, will come out with essentially the same figures. If there 
is to be a marked difference in the figures, then we must have much 
more factual information than we have at the present time. 


1 Biographies appear at the beginning of their testimony. 
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Alpha Omega Alpha. Intern and resident, University of California Hospital, 1916-18. 
Instructor, radiology, Stanford University School of Medicine, 1920; professor, 1932; 
professor biophysics, 1948; retired 1957. Scientific consultant, U.S. Naval Radiological 
Defense Laboratory since 1957. Member, A.M.A. and other medical societies; fellow, 
American College of Radiology (president, 1951) ; member, California Academy of Medicine 
(president, 1939). Member, Optical Society of America, American Association for Ad- 
vancement of Science, Radiation Research Society, American Society of Nuclear Medicine, 
ete. Member, National Committee for Radiation Protection since 1930, and one-time mem- 
ber of International Commission on Radiological Protection. Member of Radiological 
Safety Section at Operation Crossroads. Member, Commonwealth Club of California and 
one-time chairman of its section on eugenics. Chapters in textbooks on radiology, and 
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Married, 1922. Two children. Home, 50 Yerba Buena Ave., San Francisco, Calif. 

3 Dr. Walter Stephen Snyder was born in Mansfield, Ohio, Feb. 15, 1909. He received 
an A.B. degree from Ashland College in 1933, taught in the public schools of Ohio from 1933 
to 1935, and in 1935 accepted an assistantship in mathematics at Ohio State University 
where he received the M.A. degree in 1937 and Ph. D. (math) in 1939. He was an instruc- 
tor in mathematics at Ohio State from 1939 to 1941 and from 1941 to 1943 at Illinois 
Institute of Technology. In 1943 he became assistant professor of mathematics at the 
University of Tennessee where he remained until 1959, advancing during this time to 
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pers and Assistant Director of the Health Physics Division, Oak Ridge National 
Aboratory. 

He is a member of the Mathematics Society; Radiation Research; Health Physics 
Society ; Internal Dose Committees of the National Committee on Radiation Protection and 
Measurements and the International Commission on Radiological Protection ; and he is an 
editor of the Health Physics Journal. 

* Date and place of birth: Sept. 14, 1917: Chicago. Il. 

Education: Bachelor of science, University of Chicago, 1940; doctor of philosophy 
(chemistry), University of Chicago, 1944. 

Work history: Analytical chemist, Burgess Battery Co., Freeport, Ill, and Charlestown 
Ordnance Works, Charlestown, Ind., 1940—42 ; research chemist, Metallurgical Laboratories, 
University of Chicago, Chicago, Ill., 1942-43; Clinton Laboratories, Oak Ridge, Tenn., 
1945—47 ; assistant professor of physiological chemistry, University of Minnesota, 1947-48 ; 
radiochemistry, Bikini resurvey expedition, summer, 1947; lecturer (part time) in chemis- 
try, University of Chicago, 1951-55; senior chemist, Argonne National Laboratory, 1948-. 

Professional activities : U.S. delegate to the First International Conference on the Peace- 
ful Uses of Atomic Energy, Geneva, 1955; Robert Gnehm Memorial lecturer, Zurich, 1957 : 
visiting professor, University of Frankfurt, 1959—60; member, board of editors, Journal of 
a and Atompraxis ; author and coauthor of over 100 scientific publications 
and patefats. 
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Representative HoxirreLp. In the field of eating human popu- 
lations, what term should be used, “injury” or “risk” ? 

Dr. Crow. I think I prefer to use risk, because most of us tend to 
think of the individual. What it seems to me to be important to say 
is that a magnitude of effect that for any particular individual is a 
small risk becomes a certainty when the population is large enough, 
for some one individual or other will surely be affected. But we don’t 
know who. Since most of us think most of the time in terms of indi- 
viduals; therefore, risk is the word I prefer. 

Dr. Scuusert. I would like to make the comment that we must use 
a risk basis because as I pointed out in my preprint, it is impossible 
to point to any particular individual to say he got leukemia from a 
given dose of r: relihitir, unless it was an overwhelming dose. 

I want to emphasize that the use of probability concepts does not 
render the basis nebulous or vague. Insurance companies deal entirely 
in probabilities and they are very successful. While they cannot tell 
who is going to die at a given time they can, depending on the size of 
the population, tell you, with great accuracy, how many will die and 
base their premiums on this basis. 

In radiation at low level, we have to get used to the idea of dealing 
in eee at low-radiation levels. 

epresentative Horirretp. I hope that the table of probability 
which you gentlemen are using is more up to date than the American 
table of mortality which the insurance companies use. 

Mr. Parker. Mr. Chairman, may I suggest another very valuable 
word to introduce in addition to risk or injury is speculation. A very 
important service would be done by scientists studying this problem 
if they would define very carefully what part of the so-called evidence 
they produce is currently speculation. I wish to emphasize, sir, I 
don’t mean to imply in any sense that speculation is improper. 
Rather coming from a scientist, it should be spelled out in different 
terms from knowledge which is supportable by experimental evidence. 

Representative Hoxtrrevp. I think this is very important because 
if we define clearly the difference between established facts and prob- 
lematical theories, we are on safe ground. Once we start using our 
theories as though they had been established, we are on dangerous 
ground. 

Mr. Hollister. 

Mr. Houutster. Gentlemen, the trouble I have continuing this dis- 
cussion is that while the professional people seem to use the concept 
of risk reasonably carefully, when they talk about a person, when 
they talk about a population they are prone to make such statements 
as 1 r will increase the incidence of leukemia. Is this a proper state- 
ment or is it not? 

Dr. Newext. I would like to say this about the populations in re- 
gard to the chance of personal injury. We have just been talking 
about chances or probabilities. I think that every person is entitled 
to protection from the probability of injury, and I don’t see why, be- 
cause only a few people are exposed, each one of them is not entitled 
to the same protection from the probability of injury that is the 
interest of each person when many are exposed. 

Representative Hoxrirretp. Is there any comment on Dr. Newell’s 
statement? That is a moral or ethical consideration that you are 
giving there, is it not? 
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Dr. Newew. Yes. 

Representative Houirtevp. Rather than scientific. 

Dr. Faitua. The question that Mr. Hollister asked has not been 
answered. What was the question ? 

Representative Hoxirretp. I will ask Mr. Hollister to rephrase it, 
but you remember the difficulty I had with a question to Dr. Morgan 
yesterday. 

Mr. Hotwisrer. I expose a population to so many r and I then 
make a statement, and I am not arguing threshold here, I say this 
population will have an increased incidence of leukemia or it will 
have an increased mutation burden in the descendants. Is the term 
“will” here, implying certainty, with reference to a population a 
correct statement ? 

Dr. Fattua. I think it is incorrect because we do not know that it 
will surely happen. We think that there is a probability that it will 
happen, but we are not sure it will happen, especially when we are 
talking about leukemia. Maybe in the case of mutations you might 
feel a little more firm about it, that within certain limits a certain 
number of mutations will occur. I don’t think you can say specifically 
that so many cases of leukemia are going to be produced from the 
very low doses that we are talking about. If you are talking about 
several hundred roentgens, that is a different story. 

Dr. Crow. I think I would want to use a word like estimated or 
calculated or something that has a sense of accuracy somewhere in 
between those two, because I think most of the statements made for 
the future are not off-the-cuff statements. They are carefully thought 
out. They are the best that can be made on the basis of existing 
evidence. I think they deserve a dignity more than just to be regarded 
as crude guesses. If the word “estimate” carries the connotation 
of meaning a carefully thought out estimate, then I think that is the 
proper statement to use. 

Mr. Taytor. I think this is an excellent example that should fit into 
the category that Mr. Parker just mentioned, the “speculation.” I 
think it is extremely important that when figures like this are used, 
they are carefully described. 

Representative Hontrtetp. Dr. Turner. 

Dr. Turner. For the past 3 days, we have been talking about num- 
bers and guides and criteria upon which we should set standards. I 
wonder if the gentlemen of the panel would like to comment on the 
extent to which our statements are backed up by human data or human 
experience. 

Dr. Lewis. Do you mean somatic effects in particular? 

Dr. Turner. Either somatic or genetic. 

Dr. Lewis. I would like to comment on the somatic effects gn this 
connection. As you know, the recent publications of the Atomic Bomb 
Casualty Commission on leukemia in Japan (Hiroshima) have reached 
the conclusion that above about 100 rem the dose-effect relationship 
appears to be a linear one. 

The study of leukemia among patients irradiated for an arthritic- 
like condition (ankylosing spondylitis) by Court Brown and Doll in 
England has yielded more data which are in good agreement with a 
linear dose-effect curve, but again the doses involved are of course 
relatively high. There ‘is, however, evidence that relatively low doses 
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may increase the probability of leukemia among children who are 
irradiated in utero. 

Dr. Turner. What dose level are you speaking of here! 

Dr. Lewis. It is estimated that the average is 2 r. The Radiation 
Council Report No. 1 estimates 2 to 10 r for the exposure of those 
embryos. Similar studies have been carried out in this country on a 
much smaller scale. Here one of the studies shows the same statis- 
tically significant difference that the English study shows. The other 
studies do not show a strong effect, but the numbers involved are 
smaller. 

I think it is incorrect to say, as has been said in some quarters, that 
some of the studies in this country do not confirm the evidence ob- 
tained in England by Dr. Alice Stewart and coworkers that pelvime- 
tries may lead to an increased incidence of leukemia in childhood. 
The published studies in this country have, on the contrary, given 
results in good agreement with those of the British study considering 
the much smaller number of leukemias investigated in the United 
States. 

Representative Houirtetp. Dr. Crow. 

Dr. Crow. I suppose someone should comment on the sources of 
data with respect to the genetic effects. It has been pointed out in 
earlier hearings but I think it needs to be repeated that the informa- 
tion for genetic effects is almost entirely from experimental animals. 
The human organism has contributed practically nothing to this. I 
would like to expand on this a little bit to make it seem reasonable to 
reach the conclusions that we do reach. 

It is true that radiation induces mutations in every organism in 
which it has been seriously tested. This includes viruses, bacteria, 
fungi, mice, fruit flies, organisms of all sorts. I doubt that anybody 
thinks the human organism so unique as to be different in this respect. 
I think this conclusion would be shared by practically any biologist. 

When it comes to making any kind of quantitative statement, as I 
said earlier, the ground is much more shaky. The amount of muta- 
tion produced per unit of radiation is not the'same in different experi- 
mental organisms, and therefore one has lost much of the basis for 
extrapolation to the human population. It is worth noting that al- 
most every quantitative statement is based on mouse data at the pres- 
ent time. There are two or three pieces of indirect evidence in the 
human population which taken in conjunction with the animal data 
strengthen the conclusion. I think they are not of the sort that any- 
body would regard as being by themselves very convincing. 

Dr. Scuvserr. I would like to comment that insofar as radiation 
effects on whole populations are concerned, we may be overemphasizing 
leukemia and bone cancer because the effects of radiation would be ex- 
pected to be largely nonspecific and cover all sorts of human ailments. 
An example of this is shown in first cousin marriages. A study 
recently completed and another still in progress at Argonne, by Dr. 
Herman Slatis, shows that offspring of children born from first cousin 
marriages have a death rate in the first 10 years three times that of 
children of marriages not between first cousins. 
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The increase in deaths are nonspecific. You cannot pin the excess 
deaths down to any accident or specific disease. They die sooner and 
the death rate in the first 10 years is greater. I think the effects of 
radiation in general will be of the same type of nonspecific things. 
We can pick out leukemia because we look for it. In general I think 
we have to assume that the effects of radiation will be deleterious in 
various Ways we cannot necessarily define or measure but will show 
up in the same type of way as in the offspring of first cousin marriages. 

Representative Houirtetp. Dr. Parker. 

Mr. Parker. Mr. Holifield, this is not a comment on that. If Dr. 
Crow has a comment on that, he should perhaps go first. 

Dr. Crow. I am interested in exactly the same question. It seems to 
me the study of these inbred children offers perhaps the best method- 
ology we have right now for measuring the overall human mutation 
rate. This is the spontaneous rate and not any radiation induced rate. 
I agree very much with Dr. Schubert in his implicit assumption that 
what comes out in this generation on inbreeding is the consequence of 
mutations that have occurred in the past, and the best way we have of 
assessing the kinds of effects that radiation in this generation would 
produce is to see what are the effects on offsprings from cousin and 
other related marriages. 

Mr. Parker. Mr. Holifield, Dr. Crow earlier pointed out that the 
human organism is not so unique that we can reasonably expect the 
basic facts of genetic life to differ for it. Perhaps we could have some 
discussion from those knowledgeable in the field as to whether the 
human organism is so unique that the present natural background, as 
it were, was designed specifically to be right and proper for such an 
organism. I would like to go back to the numbers that were used 
this morning in the part of the discussion between Mr. Ramey, I be- 
lieve, and Dr. Crow, when there was conversation about 1.7 times the 
background. I think Mr. Ramey suggested what would happen with 
three times the background. Dr. Crow thought that the right and 
proper number would be one times the background. I think rather he 
perhaps meant zero times the background if we take our normal con- 
vention of adding to the existing burden of radiation that nature 
currently gives us. Perhaps Dr. Crow would like to revise that num- 
ber from one to zero. 

Dr. Crow. I think there are two things to state. If I could dictate 
the mutation rate for the human population that I would prefer to 
have, it would be zero. Nonetheless, I think we have to say that we 
have managed to survive with the background dose and that an increase 
in the amount of the same general order of magniture is not likely 
to be disastrous. I don’t hold any small argument as to whether the 
fraction is 1 or 1.2 or 1.7. 

Mr. Parker. The point I wanted to make is that there is no specific 
holding point that most of us could recognize if any radiation 1s per- 
mitted at all. It should not show that any of us feel that just doub- 
ling the present background has any specific license compared with 
any other number. 

epresentative Houirretp. I see Dr. Crow nods assent. Dr. Newell ? 

Dr. Newetu. We have had one new word introduced here, Mr. Holi- 

field, and I would like to introduce another new word, and that is com- 
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placency. I think we all of us believe that we know enough about 
the mechanism of heredity and the effect of radiation to decide that any 
amount of radiation at all has some perceptible chance of producing 
a genetic change. Inasmuch as we suppose, although we don’t know, 
that this is probably deleterious, then what we ought to say is not 
that we expect to be able to stop off all chance of genetic injury, but 
we have decided, high handedly, that we will be complacent about a 
certain amount of injury, but after it piles up to a certain level, then 
we will begin to do something about it. So what we are talking about 
with these so-called maximum permissible limits is a complacency 
transition point. We will put up with so much, but when it gets above 
this, then we will decide not to be complacent any more, but we will 
do something about it. 

Representative Ho.irietp. Dr. Morgan. 

Dr. Morean. I would like to get back to Dr. Turner's original ques- 
tion as to how much of this data is based on human experience. From 
the standpoint of internal exposure and permissible concentration 
values, as was indicated yesterday, the only case in which we base 
our data on extensive human experience is that of radium 226. That 
is, chronic experience extending over many, many years. The other 
values for bone seekers, in turn, then, are based on this radium ex- 
perience. We have, however, some additional human experience that 
is made use of when the data are available. There have been a number 
of minor accidents. There have been a number of cases where the 
various radionuclides have been taken into the body and these cases 
have been evaluated on the basis of total body countermeasurements 
and urine analysis data, and this evaluation has been made use of in 
setting the permissible concentration of the radionuclides in the body. 

I should say this type of human data is available for 30 to 40 per- 
cent of the MPC values given in the handbooks. In these cases we 
do make use directly or indirectly of human data as against animal 
data. It has been shown by some biologists, radiobiologists, that in 
some cases the species makes a great difference. There might, for 
example, be a difference of an order of magnitude in the biological 
half-life if you use mouse data instead of man data. So we make 
every effort possible to get hold of all the human data available in 
setting these permissible exposure values. 

Dr. Turner. I would like to pursue this just a little bit more, and 
ask to what extent the data and facts gathered from early experience 
with radiologists have been used to put in perspective the numbers 
which the NCRP has published. 

Representative Houirrecp. Dr. Taylor, would you be the one to 
answer that ? 

Mr. Taytor. I don’t believe that the dose information we have 
concerning cancer among the early radiologists is considered to be 
sufficiently credible to be of any great value. 

Dr. Turner. I was thinking of, say, pre-1940. 

Mr. Tayvor. This is the difficulty, because in that period the dose 
that these individuals received is probably unknown “ a very large 
factor. I don’t believe you can get any quantitative information out 
of such a study. I was going to raise a point in this connection that 
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I mentioned in my preprint material, and that is this: We have what 
might be a debatable kind of observation on the human beings, and 
that is our inability to observe. I think this is not unimportant. We 
have a large history of individuals who have been exposed to small 
amounts of radiation that we know within a factor of maybe five. 
We have been unable to observe effects in these individuals. This in 
itself is an important observation. 

Dr. Turner. Should one take this to say that there are no effects 
or that the effects are less than certain limits which one can state now ¢ 

Mr. Taytor. I would certainly not say that there are no effects. I 
would say we have not been able to observe any effects. 

Mr. Houuister. I would like to get Dr. Schubert also to pursue this. 
We are on the verge of discussing what we would technically call a 
negative experiment or a negative result from an epidemiological 
study. I wonder if someone would be willing to tell the committee in 
simple terms what a negative experiment is, and what it means after 
you have had one. 

Dr. Scuusert. What I was going to say is somewhat related to your 
question. In order to ascertain whether a result is negative or whether 
radiation has an effect, you have to examine the natural spontaneous 
incidence. I think the radium dial cages are one of the best examples. 
It was found that bone cancer developed in these girls who were about 
15 to 17 at the beginning of their work. When they had about a micro- 
gram of radium or more in their bodies, the ineidencé of bone cancer 
years later was very high, far higher than the normal incidence. 
They found no bone cancers in these girls whose bodies contained the 
order of a tenth of a microgram of radium. They obviously had had 
more radium originally but had excreted it. At the time these studies 
were made, however, they had about a tenth of a microgram in their 
bodies. None of these girls as yet has had bone cancer. However, the 
question is, would it have been possible to determine whether bone can- 
cer would have resulted in a population of about a hundred girls. 
When you examine the normal figures you find that in 100,000 girls be- 
ginning at age 15 and followed for 30 years, you would expect 15 bone 
cancers. Let us say that a tenth of a microgram of radium gave us an 
increase of tenfold in bone cancer incidence. We still might not expect 
to find a single case among only a hundred girls. These radium cases 
are of value only insofar as they help set an upper value. For example, 
a body content of a half microgram of radium did not produce 100 per- 
cent or 50 percent incidence of bonetumors. Yet, in the United States, 
a tenfold increase of bone cancer over a period of a couple of genera- 
tions would be considered very serious. It would mean instead of 
200,000 deaths from bone tumors from the present U.S. population, it 
would mean 2 million. 

A negative experiment may mean we don’t have an adequate sample 
to ascertain the lower limits. It does tell you something about the 
wipe limit. 

want to make one point about the previously mentioned radiologist 
study. If you are dealing with occupational groups your deductions 
are iinited. For the world population and Taos populations such 
studies are somewhat meaningless, because they are too small in num- 
bers and do not include embryos and children. Radiologists and the 
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radium dial painters received their exposure when they were adults. 
So what you find out about them does not necessarily pertain to what 
we expect in a large population where we have unborn children and 
children. You have to carefully differentiate between the type of ef- 
fects you are looking for when you are dealing with whole popula- 
tions as compared to occupational groups. 

Mr. Parker. May I introduce evidence of a more typical negative 
experiment in this field? I refer to an old paper by Drs. Cantril and 
Parker written in the early days of the atomic energy project, which 
represented the most extensive study of the then available evidence of 
what was then called tolerance dose.' It happens to quote a peasant 
analysis made by two of England’s most distinguished radiologists, 
Drs. Barclay and Cox. In 1928 they published a figure of 0.00028 of 
an erythema dose as a daily exposure which could be tolerated without 
effect. They arrived at this figure in the following manner: 

Two people who had been chronically exposed without known damage were 
taken as a basis. One was an X-ray technician who had worked for 6 years, and 
it was judged that the daily exposure which he received was 0.007 of an erythema 
dose. The second was a radiologist whose daily exposure was appraised at 
0.0023 of an erythema dose. 

Barclay and Cox then arbitrarily took.one twenty-fifth of the daily 
exposure to which the X-ray technician was judged to have been 
exposed over a 6-year period, namely, 0.007 of an erythema dose, and 
arrived at their tolerance figure of 0.00028 of an erythema dose per 
day. 

Mr. Chairman, I subscribe that this is typical of the evidence that 
existed in the period approximately 1943-45. This particular case 
which is reported in the literature of 1928 was about the time when 
Mr. Taylor on my right was concerning himself with forming the 
NCRP. 

I would like to introduce in the record at this moment a personal 
opinion that this formation and the work that Mr. Taylor has done 
on the NCRP since that year has been a national contribution of great 
magnitude. 

Dr. Newe.t. I think this was an oratorical trick to make fun of 
Dr. Failla’s early speculations. You must remember that at this 
time we were asking for information on which we could base protec- 
tion standards, and these cases were absolutely the only quantitative 
evidence that was obtainable in the world. If there were only two 
cases, this was all we had. So this is what we had to rest on. Now, 
it seems ridiculous to do such fine calculations on only two cases but 
this is no more ridiculous than the modern extrapolations of the quan- 
titative evidence in regard to leukemia out to very small doses. 

It comes out that you have one chance in a million, but the statistical 
uncertainty is 400 cases in a million. 

I have some objective evidence of my own in regard to what the 
human body puts up with in irradiation. Two hundred patients who 
were very heavily irradiated for cancer of the cervix and whose cancer 
did not come back. I followed some of these women for 30 years. 
I cannot discover after the first 5 years that they were dying off at any 
different rate from the standard life table. 


1 Reference: “The Tolerance Dose,” S. T. Cantril and H. M. Parker, MDDC 1100, AEC 
T.I.D., Jan. 5, 1945. 
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(The chart submitted by Dr. R. R. Newell follows:) 





*-CaCx -2-O 


Women treated for cancer of the uterine cervix. Comparison of two groups, 
one treated with radium and external X-ray radiation, given an integral dose of 
more than 30 megagram-rads, the other given radium only (no X-ray) with 
integral dose only about 5 megagram-rads. The graphs begin with those living 
» years after treatment. The lifetime were calculated from the age and life- 
table expectancy. Every death shortened the average lifetime according to the 
number of years of expectancy not realized. Every year that the others lived 
on increased by a little the age of which she could expect to live. The difference 
between the years lost by deaths and the years gained in expectancy is the net 
loss or gain compared to the standard population. 

The women receiving the very large pelvic irradiation did not do worse than 
those getting the smaller irradiation, if we consider only noncancer deaths. 


The lowermost curves are years lost by cancer deaths. These are not entered 
in the calculation. 


The next curve is the years lost by noncancer deaths. 

The top curve is the years gained in expectancy by the survivors. 

Between them, the crosses mark the net gain above the average of the standard 
life table. (This is from an exhibit I had at the Ninth International Congress 


of Radiology in Munich, July 1959. It is pertinent to the question Dr. Crow 
raised about controlled observations. ) 


Mr. Parker. I did not intend to introduce this evidence in any 
sense of fun but to give a perspective as to the type of evidence it is. 
The scientific fraternity is responsible for reporting to laymen its 
proper value. 

Dr. Lewis. I would like to go back to the case of the radiologists 
because I think the impression might have been given that there was 
not a significant increase in leukemia in this group of occupationally 
exposed individuals. I think there is no doubt that there was a 
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statistically highly significant -increase. As you recall in this case, 
the radiologists were at first thought to have received very high doses 
of radiation. If they had, one would have expected to see quite a 
reduction in their longevity on the basis, at least, of animal studies. 
It turns out that radiologists do not show a striking reduction in 
longevity. In fact, they live longer than the average physician. But 
they do not appear to live quite so long as do machion) specialists, as 
Dublin and Spielgelman first pointed out. This was brought out in 
the 1957 hearings of this committee. 

The important deduction, I think, to be drawn from studies of 
radiologists (and I refer to mortality studies for the years 1938-52— 
not to the very early period of radiology) is that their chronic occu- 
pational exposure to radiation did not greatly lower their longevity 
but did result in a significant increase in their leukemia death rate. 
(The increased death rate from leukemia is such a small component 
of the total death rate from all causes that it does not noticeably lower 
the life span of this group of medical specialists. ) 

I might add, in connection with statements that were made about 
failing to see effects from occupational exposure, that it is important 
to search the literature for observations. For example, in Dr. Alice 
Stewart’s studies of childhood leukemia, it was found that there were 
3 X-ray technicians who were among the mothers of the 1,299 children 
who died of malignancies while there was none among the mothers 
of the 1,299 control children. 

In the study conducted in Los Angeles by Drs. Polhemus and Koch, 
there were only 251 leukemic children investigated. Yet there were 
4 X-ray technicians among the mothers of such children and none 
among the mothers of the 251 control children. 

We cannot however be sure that it was the occupational exposure 
which was the responsible factor. For example, it is possible that the 
technician tended to have the child irradiated and that this was the 
responsible factor. Or factors other than radiation may be involved. 
However, it remains a quite suspicious circumstance that there was a 
combined total of seven X-ray technicians among the mothers of the 
children with malignancies and none among the mothers of the control 
children. 

Representative Hoxirtecp. Dr. Crow. 

Dr. Crow. I think it is important sometimes to be careful to dis- 
tinguish between a negative result and an inconclusive result. I think 
we have a statistical methodology whereby if a difference occurs be- 
tween two groups, we can at least say this difference would have a 
small probability of occurrence by pure random processes. But we 
have no convenient way of making the reverse statement. I like the 
idea of saying that when one fails to demonstrate a significant dif- 
ference, this is not proving the opposite. It is simply failing to 
prove anything. 

This would make it seem as if there is no conclusion at all to be 
drawn. I think the answer to that is along the line that Dr. Schubert 
said. I would like to give one quick illustration of this. The time the 
Japanese studies of the Hiroshima survivors were being started was 
the time when the mouse data were first beginning to appear, and the 
mouse mutation rate was some 10 or 15 times as high as the long-estab- 
lished drosophila mutation rate. This led people to fear that maybe 
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the human rate was higher still than the mouse. I think you can say 
from the Hiroshima and Nagasaki date this possibility is pretty well 
ruled out. We are not grossly more mutable than the mouse is, or 
this would have been dinepveted in this study. 

Dr. Scuusert. I would like to comment on something Dr. Newell 
said, because he may have possibly given the wrong impression. As I 
understand it, he followed 200 patients given radiation treatment for 
cancer of the cervix, and finds no apparent effect on their longevity, 
and soon. I can only say that one cannot make any such conclusion 
unless you have carefully matched controls for women of the same ages 
and race and even possibly women given radiation to other parts of 
the body, other than the cervix. I want to emphasize that without 
proper matched controls, which I may add is not a simple thing since it 
is as difficult to get as carefully matched controls as to do the original 
experiment. Without such controls and with limited numbers, it is 
practically impossible to make any firm conclusion as to whether radia- 
tion or any other toxic agent has not had a marked effect. So whether 
you have a positive or negative conclusion, unless it is backed up by 
proper controls, I can only say it is meaningless. 

Dr. Newe tu. It is quite true that it is very difficult by statistical 
analysis to prove a point with certainty. Nevertheless, I did have some 
control of the sort Dr. Crow demands. Some of my ladies had had 
radium plus X-ray and some of them had radium only. The ones who 
got radium plus X-ray absorbed four or five times as much total radia- 
tion as the ones who had radium only. I cannot see any difference in 
the death rates from year to year in the two groups. 

Dr. Scuvusert. I would just like to say longevity is not a very sensi- 
tive way of determining a very deleterious effect. For example, what 
would be the increase in life expectancy if cancer was completely cur- 
able so that no one died of cancer. This would only mean, if my recol- 
lection is correct, only a 1-or-2-year difference in the average life 
expectancy—1 or 2 years if cancer was eliminated completely, as a 
cause of death. 

I just point this up to show that we are dealing with a thing that 
could be very serious, and yet be insensitive to an observation on a 
population of a couple of hundred people. 

Dr. Newe tw. I am a crank on this, and let me say one more word, 
and that is that I did not compare the longevities. I compared the 
death rates from year to year, each one being compared with the 
standard life table. 

Mr. Parker. Mr. Chairman, may I endorse what Dr. Crow said 
about the differentiation between negative evidence and inconclusive 
evidence, and have that apply to the remarks I made earlier. Perhaps 
at the same time I could tie this into what I think is one of our prob- 
lems in attempting the translation of this work into the public domain, 
: insist that when no conclusion can be drawn, no conclusion should be 

rawn. 

Mr. Houutsrer. Mr. Chairman, I wonder whether I could change the 
subject right now, and ask each member of the round table, perhaps 
starting with Dr. Schubert, to give a brief statement of what he thinks 
a maximum permissible dose either from the ICRP or the NCRP is 
and what it is for. 
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Dr. Scuusert. When you say “is,” I don’t quite understand your 
question. 

Mr. Houuister. What is the meaning of the term and what is it for? 
How is it to be used? If I havea table of these things in front of me, 
what do I do with it 

Dr. Scuusert. I think the answer is this. I think we would all 
agree that no exposure to any toxic agent is the ideal situation. I 
think the values put out by any organization should be looked upon as 
something that while they may not be the best thing we would want, 
may be tolerable for small select groups, but we want to keep below 
those values as much as possible even here. Instead of looking at it 
from the upper end, we should look at it from the other end, and keep 
from increasing it above the unavoidable background. 

I think these ICRP levels are more useful for occupational groups, 
which restricts them considerably. That is, when small groups of 
people are working with radiation, then these levels are convenient to 
set up standards for such problems as to how much shielding you need, 
how much monitoring, how frequently the personnel should be 
checked. It is a means of design of safety equipment and handling. 
So you have it from that standpoint. 

From the whole population standpoint, I say you have to work from 
the low end to keep the increase to a minimum, and to prevent un- 
avoidable or unnecessary exposures wherever possible. 

Dr. Crow. Let me say first what I think a maximum permissible 
dose is not. It is not the dose that you try to stay just barely below. 
This simply reiterates what Dr. Schubert has said, but this seems 
important to me. 

I think that I would like to discourage particularly on the popula- 
tion average dose, particularly the somatic dose. It seems to me as 
if it is going to be quite a while in the future before there will be the 
available technique for measuring the dosage to individual persons 
as a part of the whole population. That means that one can only 
determine the population exposure by indirect means. One can only 
control the population exposure by controlling the various aspects 
of the environment. I suggest that this means that we take the 
maximum permissible population average dose as given by the Federal 
Radiation Council, and assure ourselves that for any particular local- 
ity, the milk supply, water supply, food supply, and air supply within 
that locality are such that the amount of adinian received by a typi- 
cal individual will not exceed the permissible amount. If one follows 
this kind of a rule, this means that taking the country as a whole, the 
average should be considerably less than for some small areas. 

Mr. Hou.isrer. Before you pass on, I take it you do not think that 
a maximum permissible dose is to be taken as an estimate of hazard 
and as such it would not affect any actions of anybody whatever ? 

Dr. Crow. No. I think it should havea continuing effect on people's 
actions. I think it should be respected and followed. 

Mr. Hotuisrer. It is defined in your opinion to affect somebody’s 
decision to do something or not todosomething ? 

Dr. Crow. Yes, sir. 

Mr. Tayxor. I think at this point I am going to chat a little, be- 
cause in the first place, I am only willing personally to deal with the 
maximum permissible dose as far as radiation workers are concerned. 
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I would like to have it inserted in the record or read into the record, 
paragraphs 30 and 31 of the 1959 report of the ICRP. This states, 
“The permissible dose for an individual is that dose accumulated over 
a long period of time or resulting from a single exposure which in the 
light GF prediend knowledge carries a negligible probability of severe 
somatic or genetic injuries. Furthermore, it is from such a dose that 
any effects which would ensue more frequently are limited to those 
of a minor nature and would not be considered unacceptable by the 
exposed individual and by competent medical authorities.” 

I think that certainly for radiation workers this is as good a 
definition as any I have seen or heard proposed. I am not personally 
willing to speculate what it should be for the population. 

Mr. Houuister. If I were an employer of radiation workers and 
were well motivated to try to protect them as much as possible, do 
you think I could tell how to behave from that definition ? 

Mr. Taytor. How you should what ? 

Mr. Houuister. How I should behave. 

Mr. Taytor. No, as an employer you could not tell how to behave. 
You would have to accept this as the guiding background from the 
people who set the levels to which you will work. This does not help 
the individual employer any more than it would to know the carryin 
capacity of a wire that distributes power in his plant. This is dectdded 
by groups having much greater competence than he has in this par- 
ticular field. He accepts what they put forward as good professional 
guidance. This is a guiding figure for the people who generate these 
concepts, not for the people who actually use them. 

Dr. Turner. Would it be fair to say that I should regard the num- 
bers ICRP has as a biological risk for a worker? Would this be a 
fair way for me as an employer to look upon the numbers? 

Mr. Taytor. I frankly don’t know how to answer that question. I 
think as far as the average employer is concerned, he is guided by 
technical information normally considered beyond his normal abilit 
to understand. I don’t think that as far as the employer is concerned, 
he is involved in this matter, whether it is risk or anything else. 

Dr. Turner. What I had in my mind is, should I regard these mem- 
bers as being safe and should I have my operation carried out so that 
the numbers are not exceeded? Then I am assured of having a safe 
operation, one which I could defend in court. Or should probably 
the numbers be looked upon as a starting point for estimating what the 
risk to individuals is, and then I coal decide that the benefits of my 
particular operation might warrant greater or lesser numbers than 
what appeared in the committee recommendations ? 

Mr. Tavibe I think as a matter of practice, if I were an employer, 
1 would try to operate as much below these maximum levels as pos- 
sible. In fact, as an employer in a sense in the Government, we have 
designed our own installations in the past to be very much safer than 
those which the committee of which I have been chairman has actually 
recommended. This is just what I would consider normal prudence. 

Dr. Scuuspert. There is a very serious problem. Let us say you 
have MPL’s and MPC’s and an individual employee receives a radia- 
tion dose corresponding to the stated limits and within a few years 
develops leukemia; what do you do with compensation if he sues? 
As I have pointed out, we are dealing with a probability situation and 
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it is impossible to say whether this employee was damaged or not, 
just because he exceeded the permissible level. We could go about it 
another way. One could say, let us avoid this problem since it is un- 
answerable. So let us make certain diseases which are of a low inci- 
dence, such as bone cancer and leukemia, automatically compensable 
by insurance without having to prove in court that the disease resulted 
from radiation. The incidence 1s very low to begin with, and if people 
are working in radiation, this could increase the cost of premiums. 
But rather than try to clutter up the courts with probability problems 
of this kind, it would be better to automatically pay them whether or 
not you could prove it was due to radiation, especially in those cases 
where the permissible levels were exceeded. 

Representative Price (presiding). Mr. Taylor? 

Mr. Tayvor. In this connection there may be a rather interesting 
experiment in progress. I understand that the Japanese workmen’s 
compensation laws do in fact plan to compensate for injuries to people 
who have worked in the radiation industry. They will compensate 
for any injury that could have been caused by radiation. I believe 
this is only 2 or 3 years old so they don’t have very much experience. 
If they keep it up they will have experience. This will be a very 
interesting experiment to watch. 

Dr. Fama. Dr. Schubert, would you include children in that group 
or only people that were occupationally exposed, because if you ex- 
clude the children, the numbers will be really very small, maybe 5,000 
people a year from both leukemia and bone tumors. 

Dr. Scuvusert. I was including at the moment only those occupa- 
tionally employed, which would exclude children. Whether one could 
extend these low-incidence diseases which may be radiation induced 
to larger groups and other diseases is a good question. I don’t know. 
At the moment I was only referring to occupational groups. 

Representative Price. Mr. Per let. the Japanese law covers an 
immediate and well-established accident. Our problem is to try to 
cover in the future injuries that may occur now, but do not reveal 
themselves for many years. The Japanese law you are referring to 
is for immediate radiation accidents. 

Mr. Taytor. No. This means, as I understand it, something quite 
different. 

Representative Price. What presumption do they carry in the law? 

Mr. Taytor. As I understand it, if a person works as a radiation 
worker in any industry, even for a week, presumably, and then leaves, 
and if at any time in his life he comes down with some disease that 
could occur from radiation exposure, he is then considered compen- 
sable, because of having worked in the radiation industry. 

Representative Price. The matter of presumption is one that we 
have to deal with very carefully whenever we enact laws. Dr. Lewis? 

Dr. Lewis. I would like to get back to Mr. Hollister’s question about 
what are maximum permissible doses and what are they for. 

It seems to me they are simply practical limits. As such, a lot of 
empirical judgments have to be made in arriving at them. As far as 
the radiation worker population is concerned, it has been demon- 
strated that these standards really work out very well. It is clear 
from table 5.1 of Report No. 1 of the Federal Radiation Council that 
with good standards of enforcement you can, as in the AEC establish- 
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ment there referred to, maintain an average dose to your worker pop- 
ulation that is well below the maximum permissible dose. This shows 
that procedures that try to keep the actual dose received well below 
the maximum permissible dose have worked. 

I think if we say that we are willing to accept 0.17 rem or 0.10 rem 
as the annual radiation protection guide for an average population 
group in the United States, it is only because we hope that the adop- 
tion and enforcement of such a guide will tend to keep the dose 
actually received by the whole population far below that guide. 

Mr. Parker. Mr. Chairman, I perhaps ought to be the one excused 
from this because I did occupy a considerable amount of time of the 
committee on Tuesday in trying to present what I thought was my 
interpretation of this point with some evident lack of success, per- 
haps. I believe that permissible dose that is still currently used was 
well defined by one of Dr. Failla’s subcommittees of the NCRP in the 
publication NBS Handbook No. 59, and the relevant paragraphs in 
that document might well also be read into the record at this point. 
That would be paragraph 4.3 entitled “Permissible Dose,” on page 26, 
possibly “Permissible Weekly Dose” on page 27. 

Specifically, on maximum permissible dose, paragraph 4.5 on page 


28 of that document. May I read only one sentence from that latter 
paragraph which says: 


Therefore, in protection rules or recommendations in which numerical values 
of permissible doses are given, the values of the highest amounts permissible— 


and then italicized— 
under stipulated conditions of exposure. 


Perhaps one of the significant points is that we are inclined in com- 
mon conversation to have forgotten the care with which Dr. Failla and 
his associates, I believe, wrote the italicized portion into their docu- 
ment. 

Dr. Fattua. I do not think I have anything to add to the question of 
permissible doses. I should like to go back to the question of biologi- 
cal effects, if I may. 

It is apparent that these effects must be very improbable or small in 
magnitude if it is so difficult to find them in radiologists, for instance, 
who have been exposed to radiation, and in the past, at levels higher 
than we consider permissible now. 

Therefore, I would say that the hazard of working with radiation 
at present permissible levels is very small. I object to the estimates 
that are made by Dr. Schubert and perhaps Dr. Lewis in terms of 
absolute numbers, because they are not put in proper perspective. 

When you say 200,000 individuals will die in the next 20 years, or 
something of that sort, it sounds like a very big number. But how 
many people will die for other reasons in that same number of years? 
These things should all be given in terms of percentage if they are go- 
ing to have any meaning to society. It is true that we say human life 
is invaluable but we do not practice that. We are killing a lot. of in- 
dividuals here by automobile accidents every year. 

Mr. Houiisrer. Dr. Failla, do you not think it would be useful to 
give them both ways? 

Dr. Fattia. No, I think any individual can make the calculation 
if you give the number per million or in terms of the normal mortality 
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rate. If you want to multiply by the population of the world, you 
can do that yourself. If you want to multiply by the population of 
the United States, you can do that. But to give the figures in abso- 
lute numbers, they sound terribly large, but are they really large? 

If the object is to save human life, we can accomplish that much more 
easily by raising the standard of living in our country in many places. 

Representative Price. Mr. Hosmer? 

Representative Hosmer. I just want to check with Dr. Failla along 
the lines he was speaking. 

Of course, these low dose rates have some effect, possibly, that in 
many instances, are undetectable. The effect is deleterious, and if a 
person lives long enough and does not get knocked off by something 
else, he may finally feel the effects of the radiation. 

On the other hand, are there perhaps some other types of illness and 
disease that might have been inhibited by the fact that these dosages 
were received? We have talked all on one side. Is there anything to 
talk about on the other side? 

Representative Price. You mean radiation as preventive medicine? 

Representative Hosmer. Essentially, yes. 

Dr. Fama. There have been some experiments with animals in 
which the animals exposed at low doze rates have shown really a longer 
lifespan on the average than the controls. However, the numbers 
have been small and it is questionable whether this is real or not. 

There is another experiment that is pertinent to your question, and 
that is that mice are susceptible to leukemia if exposed to radiation 
instead of having the leukemia appear earlier or with the same inci- 
dence, it appears later and even with a lower incidence than in the 
controls, that being due, perhaps, to treating by the exposure to radi- 
ation, the disease that would normally appear. 

Representative Price. Dr. Newell ? 

Dr. Newey. I quite agree with Dr. Failla. I would like now to 
return to the question that Mr. Hollister posed about the meaning of 
the maximum permissible dose. 

The language that was read from the International Commission and 
also the statement in our own National Committee Handbook would 
make you think that the maximum permissible dose is a measure of 
injury to the person irradiated. I think, however, that all that is really 
written as a defense or as an explanation of how the committees arrived 
at the quantities they did. I think that the true purpose of the maxi- 
mum permissible dose is tied to the original purpose of the committee, 
which was to tell radiologists how to operate safely. I think it can be 
summed up like this: if you operate your shop so that it is very unusual 
for any person in your employ to get as much as the stated maximum 
permissible dose, you can depend upon it that it is so unlikely as to be 
practically unheard of that anybody in your shop will get a dose big 
enough todo him any harm. There is a nice corollary to this, which is 
that, if you so operate your shop that only 1 person, we will say, in 
10,000 in any year gets the maximum permissible dose, you can expect 
that the average exposure will be quite low; in fact, low enough so that, 
if there are only a million people in the nuclear business in this coun- 
try, the average dose throughout the population will easily meet 
the demands of the geneticists for low exposure. I do think that the 
maximum ceenisiitile does on this philosophy is very ill applied to the 
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population in general because, when you have sources of exposures 
to the population in general, you do not have the same wide spread 
between high exposure and low exposure that you get in industry. 

In consequence, when you aim to control the exposure of the popula- 
tion in general, you should be measuring not the maximum dose, but 
the average dose, even if you can only do it by sampling. 

I have become convinced that it is unwise to apply the criterion of 
maximum permissible dose to the irradiation of the population by fall- 
out because this is a relatively even irradiation over the entire country. 

But, worse than that, to use the maximum permissible dose as though 
it were a measure of injury makes it misleading. The maximum per- 
missible dose is an instruction how to run your shop safely. It should 
not be used as a measure of injury to the person irradiated. 

Representative Price. I think Dr. Lewis was trying to make an 
observation in reply to Dr. Failla. 

Dr. Lewis. Thank you. 


I agree that you have to state the percentage as well as the number 
of indlvvidenls as I did this morning. I think in particular that one 
does not make the statement—I do not think many people made the 
statement—that such-and-such a number will cause so many cases 
without qualifying the situation by saying that if we make an as- 
sumption this will follow. I feel in this particular case of fallout that 
we have not in general made the calculations about the danger on the 
basis of the permissible dose, but more on the basis of the very high dose 
humans today take that said that the probability was one per million 
per year. 

I think the factor per year is very important here. It is only one 
case per million, but it is per year. This is a risk and not an injury, 
and I, too, would not want to say that we should refer to injury. It 
is better to put it on the basis of risk. 

Dr. Scuusert. I just want to say that one has to give, I think, for 
good reason, both absolute numbers and the percentages. The ab- 
solute numbers are needed. to evaluate whether a certain increase in 
a given disease can be handled by our present facilities. We know 
that hospitals are loaded to capacity. Yet, a doubling of the cancer 
patients in hospitals would be pretty catastrophic from the standpoint 
of being able to handle it. 

There, you deal, in a sense, with absolute numbers. On a percent- 
age basis, it is very small. It is something like murder. On a per- 
centage basis, the number of people murdered in a given year is very, 
very small. If no one was murdered our longevity would be increased 
by about 1 day for the entire population. Yet, we also have to deal 
with absolute numbers in case of murder because it depends how many 
police we need and how many investigators, and things of this sort. 

So, I just want to say that used correctly, absolute numbers are 
also important, as well as the percentages which are needed. I do 
not think many people have put absolute numbers in such a way as 
to imply, as some people believe, that absolute numbers serve to 
inagnify the hazard. There are many of us who use absolute num- 
bers in a different sense. 

Dr. Morean. I like to think of these maximum permissible dose 
values or rates in terms of their integrated value. In this field, we 
have many professional men that may be engaged in this business for 
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most of their professional life. So, we are speaking then, of 250 
rems to the total body including the gonads over 50 years of occupa- 
tional exposure, or 750 rems to most individual organs of the body. 
1 think these values seem rather large to some of us. I believe there 
are many that would feel that they are certainly not too low by a 
factor of as much as two. 

So, we do not have built into these values per se a large safety 
factor. It is only because such men as Dr. Parker have applied safety 
factors to the present values and perhaps laboratories such as Han- 
ford, operate on the order of 5 to 6 percent of these occupational 
values, that I believe we are completely satisfied with the present 
permissible levels. So, I would like to make a plea as the Federal 
Radiation Council sets up these guides that they be taken rather 
seriously by the various industries and that they not be exceeded by 
individuals unless they have just cause, or good reason to exceed 
these basic values. 

In addition to these basic and fundamental values, we have the 
secondary or applied values, such as the maximum permissible con- 
centration. I would like to point out that it is quite acceptable to 
exceed these values over short intervals of time. For example, if 
vou have a maximum permissible concentration for a radioneuclide 
and you are exposed to this radioneuclide in the water for only 1 week, 
let us say, out of 13, it is quite permissible to be exposed at 13 times 
this MPC level. On the other hand, I do not think that we should 
have many individuals or many industries that would care to exceed 
the basic or fundamental exposure rates by even a factor of two over 
a long interval of time. 

Representative Hoiirtetp. Dr. Snyder? 

Dr. Snyper. I think the definitions quoted from the handbook very 
amply explain what is meant by a maximum permissible level. To the 
nonexpert, who does not wish to make his own evaluation, it seems to 
me that in reading those statements he would conclude that a body of 
experts has judged that these levels, if observed, will not produce an 
incidence of damage to his employees, which is higher than that com- 
monly accepted in other industries. 

The handbook specifically states this in many places as a basis for 
their considerations. I would add emphasis to what was said a while 
ago about the specific conditions and what Mr. Parker and what Dr. 
Morgan have just said indicates, of course, that these specified condi- 
tions are very rarely met. Not many individuals are constantly ex- 
posed at these levels throughout their working life. 

Of course, this is all on the favorable side. However, we have to en- 
visage that this might occur. Unless we are willing to pay a penalty 
in keeping records, watching over the working lifetime of the em- 
ployee, then we must be prepared to stay somewhat below these levels, 
at least on the average. It seems to me that this would be the con- 
clusion the user of the handbooks would draw, and if he would trust 
the expertness of this group, then he might proceed. 

Mr. Parker. Mr. Chairman, I would like to go back to this question 
of real or paradoxical beneficial effect at low dose for a moment, and 
to relate back to what we said before. We are referring to the case E 
of the specimen curves that we introduced into the hearings earlier. 
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One of my associates at the laboratory, Dr. Bustad, is currently pre- 
paring a rather extensive study on this point which collects, I would 
say, having had privileged access to it so far, a surprising number of 
cases in which it is difficult to say that the effect may not be real. This 
is perhaps a double or triple negative way of putting it. I could per- 
haps suggest to the committee that Dr. Bustad make this available to 
you as soon as it is possible to release it. 

I would simply say there is a very clear factor that reduces the num- 
ber of observations of this kind im the literature ; namely, the factor that 
most responsible observers think it really is not so and there is a 
rather clear record if your long experiment shows that it is so, you do 
the experiment over aagin until it does not come out in that way. 

Dr. Faia. I think we have to put in the record something about 
this question of averages for the population dose, because it is not only 
necessary to have the average for the population dose, but also the 
maximum. Otherwise, you might have some individuals receiving 
very large doses which when averaged over a large number of ga 
that receive no exposure would on the average low. I think it is 
very important to bear in mind that in making recommendations for 
a population you must have not only an average dose, but also a maxi- 
mum dose for an individual in the population. 

Chairman Ho.irterp (presiding). Gentlemen, we are going to have 
one more question. We are going around the table with it rather 


rapidly.. We must get out of here by 3:30 and get to the floor to do 
some voting. 


§ 

Mr. Hollister ? 

Mr. Hou.isrer. Would the roundtable like to express its views to 
the committee on the way in which you think it might be appropriate 
for the Federal Radiation Council to use or take advantage of the 
extensive studies of biological data that are done by the National 
Academy study committees and by the NCRP? 

Chairman Hottrretp. Dr. Schubert # 

Dr. Scuvsert. I am not sure if I understand your question precisely. 

Mr. Houuisrer. I am sure you know of the National Academy 
studies. These are reported in the National Academy reports on the 
biological effects of radiation. The NCRP through its various sub- 
committees, I believe, makes extensive reviews of biological effects 
data. The question is, how do you think the Federal Radiation Coun- 
cil might take advantage of these studies or should they take advantage 
of these studies, or should they ignore them ? 

Dr, Scuusnert. I think what is true of the Federal Radiation Coun- 
cil in this sense is true of the NCRP which automatically uses all data 
involving radiation which might have a bearing on biological effects 
of radiation, particularly in low doses. 

If they think it is valid they incorporate it in their standards and 
in their evaluation of what is dangerous. Certainly the FBC would 
and should do the same things and use the data from other sources. 
There are many AEC contract institutions and AEC installations 
which are also doing long-range studies on the effects of internal 
emittors and so on. If they have any possible bearing on man then 
they are, of course, utilized and properly so now. 

Dr. Crow. I, of course, think that the Federal Radiation Council 
should use all the data they can get hold of, whatever the source. I 
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think it is part of the directive to this council that it is expected to 
consult at least with the NCRP and with the National Academy of 
Sciences. I guess that is all I have to say. 

Mr. Taytor. I cannot see any particular problem here. I think that 
any group called together or organized to consider this problem would 
study all information available in the literature. It would particu- 
larly study analyses of this data made by other bodies, such as NCRP, 
etc. Iam sure the Radiation Council will and is doing the same thing. 
I do not think any scientific approach can be made to the problem 
without doing this virtually automatically. 

Dr. Lewis. It is my impression that the Federal Radiation Council, 
through its working group, has already made excellent use of the 
extensive studies made by other committees. I think Report No. 1 
of the Council well shows this. I think also that it is a very com- 
mendable procedure to have set up a working group which can devote 
virtually full time to thinking about these problems. 

Mr. Parxer. I would like to make a somewhat oblique answer to 
the question in these terms: I believe one could muster a substantial 
body of opinion that would say that at the present time in the United 
States, there are existing, well-qualified, technically expert bodies in 
the aspects of radiation protection which exclude those terms that 
were referred to as the social, economic, and political positions. 

In addition, this body of opinion would recognize that your com- 
mittee, Mr. Holifield, is the best informed group of men who have 
studied and demonstrated a considerable competence in getting hold of 
all the problems of this radiation position, and that your committee 
is in a position to call before it the other responsible voices of public 
opinion which the scientists are repeatedly saying are needed to bal- 
ance the overall situation. 

Possibly, the most useful contribution would be if your committee 
would consider calling reviews, as it were, of this matter at a public 
forum at an interval of possibly 2 years or some such period. 

Chairman Houtrrerp. Dr. Failla? 

Dr. Fama. All that I want to add to the discussion is that these 
new bodies that come into the picture from time to time have to go 
through the same painful process that NCRP has been going through, 
and the people that can supply the information are essentially the 
same ones. The same people are called upon to present the problem 
to a new group. It seems to me that it is a waste of scientific man- 
power to have to do this time after time with one body or another and 
at frequent intervals. I think the best solution would be if the Federal 
Radiation Council and NCRP came to some agreement as to what 
each would do and divide the field, really, rather than having the 
whole thing gone over again by the Federal Radiation Council. 

Dr. Neweuu. Mr. Holifield. I would like first to say that I do agree 
with what Mr. Parker said. I would also say that the question posed 
sounded to me like a request for a scientific review article. This, I 
believe, is not best produced by committee, but is best produced by 
some individual scientist who is willing to devote himself to collecting 
the best information he can. I think that this is more nearly the func- 
tion of the National Academy of Sciences than it is the function of 
the Radiation Council. 
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It seems to me the Radiation Council would be in the position of 
receiving such an article rather than producing it. I also think that 
the national committee has probably at one time and another listened to 
men of understanding in this field as widely as any committee of 
the National Academy has done. Nevertheless, what you have said 
sounds to me more like a job for the National Academy than it does 
for the Radiation Council. I will say this: Some of our national 
laboratories are probably in the position to produce such a document 
if you really meant it wholeheartedly that we do need such a summary 
document. 

Dr. Snyper. I think as a practical matter, the Federal Radiation 
Council in the immediate future will have to go outside to seek 
information. It will certainly take time to build up the extensive 
staff that would be necessary to assemble and judge the information 
itself. 

A glance at the roster of names of members of the NCRP and ICRP 
will show the vast diversity of disciplines that are represented there. 
This is also true of the testimony that is the basis of the Report No. 1 
of the FRC. At the present time the FRC must somehow gather 
together the testimony from outside its own organization. This tech- 
nical knowledge and expertise may be very well placed within Gov- 
ernment, if one prefers, or it may be sought from such agencies as the 
National Academy or NCRP. This isa matter, I think, for the FRC 
to consider and decide what its working relationship should be with 
these independent organizations. It is clear that the FRC has a very 
important function that is not covered by these other agencies. It is 
the proper place, in my opinion, where this balancing of national inter- 
ests and the interests of society against the risks of radiation hazards 
should take place. 

Dr. Morcan. As already pointed out in these hearings, there is a 
wealth of information on radiation protection. Nevertheless, there isa 
scarcity of data in establishing acceptable exposure levels. But there 
is an even greater scarcity of trained personnel that have competence 
in this field of health physics or radiation protection. 

It seems to me that it follows definitely that the Federal Radiation 
Council should call in the experts in these many different disciplines; 
disciplines of physics chemistry, health physics, biology, geology, 
meteorology, and so forth, all of which are involved. So, rather than 
aman putting on a different hat and coming and joining permanently 
with many others as members of the Federal Radiation Council and 
building up an immense organization to represent all of these disci- 
plines, it seems to me more practical to call in from time to time the 
experts that are now members of the National Committee on Radiation 
Protection, the United Nations Scientific Committee on the Effects of 
Atomic Radiation, and the National Research Council, and use to full 
advantage these forces and these organizations that already exist. 

Chairman Hottrtexp. In other words, your thought is that the func- 
tion of the Federal Radiation Council should be evaluating body, 
possibly anoverall coordinating body and a policymaking body from 
the standpoint of dealing with the different agencies charged with 
these responsibilities, rather than an organization that would try to 
evolve data per se and build a tremendous organization for that 
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purpose. There are other responsible bodies already in existence, 
with long traditions of competence which could furnish them the 


information they need. 

Dr. Morean. Yes. I feel that this Federal Radiation Council would 
be in a position to match this information from physics, chemistry 
biology, and medicine against the social and industrial aspects and 
the benefits that one would expect to derive from the use of atomic 
energy. 

Chairman Ho.irte.p. I think on that note, we will conclude today’s 
meeting with the announcement that we will meet in this room Tues- 
day, May 31, at 10 o’clock. 

ee topic will be “Social and Economic Concepts Underlying Radia- 
tion Protection Standards.” We will again have with us Dr. Russell 
Morgan, Mr. W. A. McAdams, manager of the Industry Standards of 
G.E., and Mr. J. Healy, Hanford Laboratories. 

In the afternoon, we will have a round table discussion in which 
those gentlemen and some other gentlemen will take part. 

Gentlemen, in conclusion, let me express again the Anrernneen of 
the Chair and the committee for your attendance and for the very 
valuable testimony which you have given. 

The committee stands aa 

(Supplementary material submitted by Dr. Snyder follows: ) 


SIGNIFICANCE OF MPC VALUES FOR EXPOSURE 


It may be pertinent to clarify further, indeed to pinpoint, a distinction of 
great importance between an infringement of a primary standard and an in- 
fringement of a secondary or tertiary standard. Ideally, the primary standard 
ought to be a level of biological effect which is judged to be acceptable. There 
are too little epidemiological data to establish the level of biological effect at 
the dose levels considered here. Thus, in most cases, the only primary standard 
available is that of a limit on dose. 

The environmental standard or MPC is a secondary standard and is designed 
to achieve the specified primary standard. The estimation of the environmental 
standard involves many assumptions which are seldom realized in practice. To 
be specific, the MPC values in NCRP Handbook 69 are estimated on the basis of 
an exposure of 50 years’ duration. Thus for Sr” it is estimated that after 50 
years of exposure at the MPC level the amount in the body is expected to reach 
this level of the primary standard. In practice the environmental level will not 
be constant, and generally only the high values are considered newsworthy and 
reach the press, The public either does not see, or forgets, many compensating 
elements of the situation and adjustments which have to be considered. If ex- 
posure is for fewer than 40 hours per week, the MPC level can be higher with- 
out the exposure exceeding the primary standard. If the level is not constant, 
it is the average level which needs to be considered, and in most situations it is 
an average over a fairly long period, 138 weeks or a year, which is indicated as 
the appropriate period. In addition, there may be more technical corrections— 
if the chemical form is one not readily soluble in body fluids, a correction may 
be indicated. These many adjustments that can and should be made in the 
handbook values to adjust them to a particular situation are one of the reasons 
why a competent health physicist is needed to properly implement the basic 
recommendations. 

Perhaps this can be illustrated by reconsidering an estimate concerning an 
increase in the leukemia rate that might ensue from population exposure. Dr. 
Walter Selove, earlier in these hearings, indicated that the background level of 
radiation might be responsible for 10 percent of the present leukemias. This esti- 
‘mate cannot be considered as established and, in fact, is open to serious question. 
If it were established we would have a basic standard of the best kind, i.e., a level 
of biological effect that can be expected from a known level of exposure. 

Dr. Selove used this estimated dose-effect relation to consider the increased 
incidence of leukemia that might be expected if the population dose were 0.5 
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rem/year from Sr”. Since his remarks might be interpreted as implying that 
the NCRP and ICRP recommend such a value I wish to reconsider the question. 
The presently recommended body burden of Sr” for occupational exposure is 2yuc 
and for population exposure the ICRP has suggested that substantially one- 
thirtieth of that value be used. The corresponding dose to the bone is about 0.2 
rem/year averaged over the skeleton. But the dose to marrow would be still 
less and might average about one-third of this according to the estimates given in 
my preprint material. This reasoning might indicate an increase of 7 percent if 
the basic assumption that 10 percent of leukemia is due to background. 

However, no short-term exposure slightly in excess of the MPC level would 
produce this body burden. Accordingly to the present estimates it would require 
many years of exposure at the MPC level to accumulate this amount in the body. 

In practice there will be seasonal and yearly fluctuations in the amount of Sr” 
actually present in food and water and these amounts will vary from one geo- 
graphical area to another. Any slight excess of Sr” above the MPC for popula- 
tions which may reach the headlines does not indicate a 7-percent increase of the 
leukemia rate in this country. The 7-percent estimate must be revised down- 
ward since it is unlikely all our foodstuffs are contaminated to this extent, it 
must be revised downward if only a fraction of the population is consuming the 
food, and finally it must be revised downward unless the entire population is to 
continue using such food for many years to come. These adjustments to take 
account of the size of the population involved, of the fraction of the total daily 
intake of food and water that is involved, and to take account of the exposure 
period, are typical of many adjustments that must be made in applying MPC 
values to an actual exposure situation. 


(Whereupon, at 3:30 p.m., the subcommittee was recessed, to recon- 
vene at 10 a.m., Tuesday, May 31, 1960.) 














RADIATION PROTECTION CRITERIA AND 
STANDARDS: THEIR BASIS AND USE 


TUESDAY, MAY 31, 1960 


ConGRESS OF THE UNITED SraTeEs, 
SpecIAL SUBCOMMITTEE ON RADIATION, 
Joint CoMMITTEE ON ATOMIC ENERGY, 
Washington, D.C. 

The subcommittee met, pursuant to recess, at 10 a.m., in room P-63, 
the Capitol, Hon. Chet Holifield (chairman of the subcommittee) 
presiding. 

Present: Representatives Holifield, Price, Hosmer, and Senator 
Dworshak. 

Also present: James T. Ramey, executive director; Carey Brewer 
and George F. Murphy, professional staff members; Richard T. 
Lunger, Hal Hollister, int Jalen KE. Turner, technical consultants, 
Joint Committee on Atomic Energy. 

Representative Hotrrretp. The committee will be in order. 

This morning the Special Radiation Subcommittee of the Joint 
Committee on Atomic Energy will resume its consideration of the basis 
and use of radiation protection criteria and standards. 

Last week we were privileged to proceed with valuable testimony 
from witnesses on the nature of standards relationships among agencies 
and groups concerned with radiation standards and on the biological 
concepts underlying such standards. 

Today the hearings will concern the social and economic concepts 
underlying radiation protection standards, and during the remainder 
of the week we will consider concepts of practical application and some 
of the problems of organizational, administrative, and legislative 
relationships. 

We are pleased to have as our first witness this morning Dr. Russell 
Morgan, who is radiologist in chief of the Johns Hopkins University. 

Dr. Morgan, I understand that you do not have a prepared statement, 
but will speak from your statement contained in our preprint of 
selected materials. 
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STATEMENT OF DR. RUSSELL MORGAN,’ RADIOLOGIST IN CHIEF, 
JOHNS HOPKINS UNIVERSITY 


Dr. Morgan. Thank you, Mr. Chairman. As you said, my statement 
is in the preprint and hence I shall only refer to one or two points this 
morning in order that there may be more time for questioning. 

First of all, I should like to reemphasize something which has been 
pointed out before in these hearings, namely, that iatintion standards 
are fundamentally the same in concept as health standards generally. 
That is, they are based upon a body of scientific data in which the 
risks of radiation are first determined and then, to that body of scien- 
tific data philosophical judgments are applied in which risks on the 
one hand are balanced against benefit on the other. 

Although radiation standards in particular and health standards 
in general are based on a wealth of scientific data, there necessarily is 
a great deal connected with them which is of an arbitrary nature. 
For example, there is no question that where X-ray workers are ex- 
posed, in medicine, weekly doses of 1,000 roentgens are out of line with 
good practice. The same is also true of weekly doses of 100.roentgens. 
Indeed, a great deal can be said against weekly doses of 10 roentgens. 
But as soon as one starts going down to doses of 1 roentgen per week 
or doses of one-tenth of a roentgen or one one-hundredth, one imme- 
diately must become very arbitrary as to where the limits of good 
operating practice should be set. As indicated in the preprint, the 
maximum permissible dose for radiation workers in the X-ray field 
originally was set at approximately 1 roentgen per week, whereas 
now it has been reduced to one-tenth of a roentgen per week, primarily 
because the lowest dose possible was recognized as the objective to be 
reached, and by practice it was found that a dose of one-tenth of a 
roentgen per week was possible under normal operating practices. 

As far as the socioeconomic factors of radiation standards are con- 
cerned, I think it is extremely important that, in their application, 
those to whom the standards apply and those who use the standards 
understand them just as fully as possible.. In other words, these 
standards should be in such a form that they may be applied with- 
out ambiguity. This has not always been the case in the past. Let 
us take for a moment the case of one of the first standards that was set 
up by the parent organization of the National Committee on Radia- 
tion Protection, namely, the maximum permissible dose. This stand- 
ard is important because it is the key to many of the other standards 
which have been developed since that time; also it has wide applica- 
tion to the population generally. 

Through the years, a good deal of misunderstanding has arisen over 
the meaning of the term “maximum permissible dose.” There are 
those who have considered the maximum permissible dose to be the 
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dose above which one should be gravely concerned regarding radiation 
safety. Actually, however, those who conceived the term intended that 
this dose merely indicate that level of radiation below which one need 
not be too concerned regarding the exposure which is received and 
above which some action is necessary to insure personal safety. In 
other words, this term which has been called the maximum permissible 
dose in reality is a minimum action dose; that is, it is a dose below 
which one need only be concerned with the application of minimal 
protective measures in the control of radiation, and above which one 
should apply increasingly strict controls of regulation. 

Iam delighted to see that the Federal Radiation Council in its new 
guides for radiation standards has moved away from the use of such 
terms as maximum permissible dose, and is instead replacing such 
terms with nomenclature which more nearly meets the scientific facts, 
namely, that radiation as a potential hazard to the health and well- 
being of our Nation presents a problem which is roughly proportional 
to the doses involved. Their guides, calling for different actions to be 
taken at various radiation levels by health and other authorities con- 
cerned with the regulation of radiation is certainly a step in the right 
direction. 

There has been some concern regarding the place of the Federal Ra- 
diation Council in the field of radiation standards. However, I think 
that a prominent place by the Council is essential. Certainly, there 
is need, with the wide increase in the use of radiation for the Federal 
Government to take a place in the formulation of radiation standards, 
and the Federal Radiation Council seems a logical place where this 
development take place in view of the fact that it represents the major 
agencies of Government which are concerned with the control of ra- 
diation. 

The Council quite properly has used the National Committee on 
Radiation Protection quite widely since its work has begun, and here 
again this is highly desirable because here is a body of scientific people 
who are widely informed on radiation matters, people who can give 
expert advice to the Council. 

The Council quite rightfully is also calling on other people to guide 
it. As I indicated earlier, radiation standards not only depend upon 
scientific information but on prudent judgment and such judgment 
does not come only from scientific sources. Such areas as industry, 
labor, and so on can also provide the sort of guidance with which the 
Council can balance risk against benefit in making its decisions. 

Now, not only is it necessary that radiation standards be clearly 
understood by the population at large but it is equally important for 
the development of atomic energy in this country that radiation stand- 
ards be clearly understood at the legal level, at the industrial level, and 
at the labor level, because without clearly understood standards, one is 
likely to encounter a good deal of confusion as atomic energy is 
developed in the future. 

This, Mr. Holifield, is all I. would like to say now so that there 
may be time for questions. 

sprrammtntine Ho.irtexp. I notice you approve the setting up of 
the Radiation Council. Do you believe it is representative of all 
the elements that should be represented in our society? In view of the 
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fact that no so-called public members, as provided for in the act, have 
been appointed ¢ 

Dr. Morcan. Mr. Chairman, I think one has to be a little careful 
in the appointment of so-called public members. The Council, as 
now constituted, represents certainly the principal areas in the Gov- 
ernment field where radiation is of concern. It is making use of the Na- 
tional Committee on Radiation Protection and other scientists as well 
in getting the best scientific judgment which it can get. I think one 
has to be careful, as I said, in selecting public members. 

Representative Hortrrevp. Is that because they are lay members? 

Dr. Morcan. No. This is because by omission, if one is not careful, 
one may leave out people who have equal competence. 

Representative Horrrretp. This is always true in the selection of 
every group. Youalways leave out someone. 

Dr. Morcan. Yes. 

Representative Hottrretp. The point involved is that Congress pro- 
vided not only these members of the President’s Cabinet to be ap- 
pointed, but also there are people from wider areas, such as agricul- 
ture, labor, and possibly State and local governmental bodies and 
organizations representing the States, and so forth. 

Dr. Morean. Yes. I think since such representation now exists in 
large part, I think that additional help for the Council can probably 
best be obtained by the mechanism of consultants rather than working 
members of the Council. 

Representative Ho.irrerp. You are speaking of the working 
groups? 

Dr. Morean. Yes. 

Representative Hortrtetp. The formulation of working groups on 
different problems, you mean ? 

Dr. Morean. Yes. 

Representative Horirretp. And then their recommendations should 
come to the Federal Radiation Council ? 

Dr. Morean. That is right. 

Mr. Ramey. You mentioned in your testimony the need for bring- 
ing in other interests than strictly scientific on this, and in your pre- 
pared statement at page 65 you mention that in addition to back- 
grounds in physics, chemistry, and biology, knowledge is required in 
industrial techniques, public health, military affairs, political science, 
economics, law, and many other disciplines if these standards are to 
represent the best judgment of the Nation. 

Just going through the list of consultants that the Federal Radiation 
Council gave in Mr. Flemming’s testimony last week, you don’t see 
many, or any, political scientists. It is hard to pick out an economist. 
You don’t see many industrial experts. How does that fit in? 

Dr. Morean. I think there are two ways of taking care of this situ- 
ation. No. 1, the economist, political scientists, generally do not rep- 
resent localized areas of society, but are concerned with social problems 
in general. I think that such people might well be added to strengthen 
the Federal Radiation Council. 

In speaking of the industrial and labor fields, I think that here the 
mechanism of consultation may perhaps provide the best mechanism 
of giving the Council the sort of background of information which is 
necessary to make the judgments which it will be called upon to make. 
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I think the Radiation Council in this first year has made remarkable 
progress. It is feeling its way along. I don’t know what its plans 
are specifically in adding people, but I am sure that it is well aware of 
these issues. 

Mr. Ramey. You have the situation, however, of the Federal Radia- 
tion Council now having adopted this basic radiation standard which 
again is substantially, as we understand, the same as the NCRP stand- 
ard. In each case these have been developed by scientists with none 
of the other social disciplines being consulted or involved. So by the 
time they get around to taking on these people they will have already 
adopted the basic standards. Do you think that makes sense? 

Mr. Morean. I am not too concerned about the adoption of basic 
standards, although it is true that standards once adopted are perhaps 
difficult to change. However, I think we can look forward to many 
changes in the guides of the FRC over the years, not only as additional 
scientific information comes to hand, but as more extensive philo- 
sophical judgments are brought to bear in the balancing of risks 
against benefit. For example, I am not at all sure that in the field of 
industry several operating levels at which one may be permitted to 
work may be required. This does not cause any phaticuhes problem, 
I think, just so long as in each instance the standards are sufficiently 
well drawn that they are clearly understood and that adequate mech- 
anisms are set up to compensate workers in the case of accident. 

Representative HoxtrreLp. How does the philosophy of benefit and 
risk change when one considers applying existing standards as opposed 
to setting standards? 

Dr. Morean. May I hear that again ? 

Representative Horrrretp. My question is, how does the philosophy 
of benefit-risk change when one considers applying already existing 
standards as opposed to setting standards? 

Dr. Morean. I think that regardless of whether one is setting stand- 
ards or whether one is altering existing standards, there is always a 
balance to be reached between benefit and risk. This business of 
balancing benefit and risk is rarely a purely scientific matter. The 
reasons for this are that one is often balancing unlike quantities. It 
is like balancing apples and pears. It is difficult to do in any but a 
philosophical way. 

Representative Horirreitp. Do you believe that the economic costs 
of radiation protection should be a major or primary factor in the 
setting of standards? 

Dr. Morean. I think it should be one factor, of course. 

Representative Horirretp. Who should pass judgment on that, the 
industrialists or labor men or some scientist who does not have an 
economic problem involved ? 

Dr. Morgan. I think a well-balanced Federal Radiation Council is 
probably the best one. 

Representative Hottrreip. But the Radiation Council is not well 
balanced because it does not have industry or labor members on it, and 
they are the ones affected by cost. 

Dr. Morean. I am not so concerned about the absence of industry 
and labor members as I am perhaps concerned about additional people 
in the political science and economic areas whose viewpoints and 
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judgments are probably a little broader than the rank and file in in- 
dustry and labor. If industry and labor have the people to put on 
the Council, who have shown considerable ability in matters of judg- 
ment, then by all means these people might well be included. How- 
ever, I think one has to be quite careful in adding many more members 
to the Council for fear the Council’s effectiveness will be curtailed. 

Mr. Ramey. If we followed the same procedure as has been followed 
in the Federal Radiation Council, it would not necessarily be the 
person who is designated on the Council, if that could be the head 
of a labor organization or the head of an industrial organization. 
It is the technical man who serves as his designee who is apparently 
the more important. 

Representative Hotirrep. The members of the Radiation Council, 
named in the statute, actually have their function performed by sub- 
ordinates. 

Dr. Morgan. Yes, I understand this. 

Representative Hoxirretp. You would assume that if the atomic 
energy industry were permitted to have a representative on the Coun- 
cil, they would undoubtedly choose someone who had professional 
qualifications, and the same would be true with labor or agriculture. 
It does seem, by keeping your Federal Radiation Council limited, not 
to the statutory named members, but to their designees, that you are 
not only keeping the field narrow but you are precluding broad sectors 
of our society from having representation in the setting of the original 
standards. Once they are set, as you have said, and as we all realize, 
it is very difficult to een them. This does not indicate that they are 
necessarily wrong. But at least we can say that great segments of 
our society have no direct representation in the formulation of these 
standards. There are no public hearings, for instance, permitting the 
opposite point of view to be presented. 

r. Hosmer. 

Representative Hosmer. In that connection, assuming that there 
had been a wider membership on the Federal Radiation Council, in- 
cluding the various people that you have talked about, and the chair- 
man has talked about, in your opinion would the standards that have 
been recommended by them be any stricter, any less strict, or about 
the same as they are now? 

Dr. Morean. I think they are likely to be broader than they are now. 

Representative Hosmer. What do you mean by that? 

Dr. Morean. At the present time, radiation standards have been 
formulated mainly on a concept of maximum permissible dose. For 
example, there is a maximum permissible dose for radiation workers in 
the medical field. There is the maximum permissible concentration 
of various radioactive materials in various food products, and so on. 
Most of the standards which have been set up to now have been set at 
rather conservative levels. I can foresee instances in the future where 
it may be necessary to have standards, particularly in industry, which 
are perhaps not quite as stringent as those which have already been 
set. This multiplicity of standards does not bother me at all, just so 
long as each time that one sets a standard above present levels one has 
mechanisms for the compensation of those who might be injured. 
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Representative Hosmer. In other words, had these various other 
groups been represented, the standards would be less conservative than 
they are at the present time. 

Dr. Morean. In some cases I think they would be less conservative 
and in some other cases more realistic. 

Representative Hosmer. What does that mean—“more realistic”? 
Does that mean less conservative ? 

Dr. Morcan. Let me go to an instance of where radiation stand- 
ards have caused some misunderstanding and confusion within the 
last year. As you know, as a result of a good deal of nuclear testing 
in 1958, the strontium 90 levels in milk during 1959 rose to levels which 
were close to the maximum permissible concentration established for 
this isotope. The question immediately arose in many people’s minds, 
What happens if the maximum permissible concentration should be 
exceeded? Should one confiscate the milk supplies in the area in 
which the maximum permissible concentration has been exceeded, 
destroy them, or what should you do? I thik anyone who looks at 
the standard in this particular instance is impressed with the fact that 
the maximum permissible concentration has been properly set in terms 
of indicating the place where some action should start to take place. 
But the standard was not set with the view in mind that heroic meas- 
ures should occur at this point with little or nothing taking place 
below that point. I think the proper view of the standard would be 
something like this: 

As the maximum permissible concentration is approached, one 
should set up, as was done, several milk sampling stations to determine 
precisely the concentrations of strontium 90 prevailing in milk. If 
the maximum permissible concentration is exceeded, one should not 
immediately destroy the milk supplies in the area involved but should 
take steps to decontaminate the milk if possible or at least dilute it 
with uncontaminated milk from other regions of the country where 
the contamination is less. At the same time as this, one would set u 
mechanisms and make studies to determine what might be done wit. 
tood supplies to rid them of their radioactive contammants. Only as 
the dose level gets substantially above the maximum permissible con- 
centration would I think it wise to think about such heroic measures 
as confiscating milk supplies. 

Representative Hosmer. Do you think if we had a business tycoon 
and a labor leader and 2 professor of economics and a couple or three 
other miscellaneous categories on the Federal Radiation Council that 
result would really come about. The regulation would probably be 
the same, would it not? Maybe the attitude would be different. 

Dr. Morcan. I can’t imagine the judgments would be exactly the 
safe if the people of whom you speak were added to the Council. I 
can’t imagine that these people would have no impact upon the judg- 
ments of the Council. 

ee Hosmer. Do you mean that the MPC figure would 
be a little bit higher or a little bit lower? 

Dr. Morean, I can’t speak for these people since I don’t know them. 

Representative Hosmer. We are exploring a philosophical concept- 

Dr. Morean. That is right. 

Representative Hosmer. People say there ought to be a whole broad 
cross section on this Federal Radiation Council. 
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Dr. Morean. That is right. 

Representative Hosmer. I am trying to find out what real differ- 
ence it is going to make whether they go about it one way or the 
other. 

Dr. Morgan. I can’t forecast what the difference in regard to spe- 
cific standards might be. I do think that with a broader viewpoint that 
the standards might perhaps be a better composite judgment of the 
population as a whole than would be the case if standards were being 
developed wholly by a very limited group. 

Representative Hosmer. However, the illustration that you gave 
with respect to whether to get frantic or not if your concentration of 
strontium 90 in milk reached a particular level was actually one that 
involved a broad public understanding, or at least a greater under- 
standing than we have now. As a consequence, it is not so much a 
matter of who is setting the standards as it is the dissemination of 
understandable, acceptable facts. Isn’t that what we are getting at? 

Dr. Morgan. This is an extremely important part, too. There is no 
doubt about this. Whenever you have misunderstandings on radia- 
tion standards which have prevailed in the past, this is automatically 
an indication that somewhere the communication between the scien- 
tists on the one side and the public on the other side has not been as 
satisfactory as it should be. 

Representative Hosmer. Is it your point, then, that the effect of 
having a broader representation on the Council would not so much 
be any particular improvement of the standards established, but a 
better dissemination of knowledge regarding them ? 

Dr. Morcan. I think two things. The better dissemination, of 
course, as you point out. The second, a better judgment in the set- 
ting of standards. 

Representative Hosmer. In other words, you feel that the public 
would have a greater confidence in a heterogeneous group’s decision 
than it would in the decision of people who are specifically expert in 
the physical fields of radiation ? 

Dr. Morecan. This is the point; yes. 

Representative Hosmer. Would that handle this kind of problem ? 
A man is having a full mouth tooth X-ray a couple of months after he 
had his annual chest X-ray, he watches TV all the time, and has an 
alarm clock with the radium dial which he sleeps with at his head, 
his wristwatch has a luminous dial, and he is complaining to his 
dentist about the terrible danger of the atomic fallout. Is it going to 
help bring about any better understanding in that kind of case? 

Dr. Morean. Here there is need for better public understanding, 
because as you go through the several things which you pointed out 
here, and add up the sum total of the risk from all of these factors, 
one cannot help but be impressed that those risks are not very sub- 
stantial. Yet it is true that patients do become quite concerned from 
what they have read in newspapers and elsewhere. I think the med- 
ical and dental profession, and the health professions in general, have 
a very real responsibility in this business of education of the public. 
There is no question that more needs to be done about this. There 
is one specialty, the College of Radiology, which has undertaken a 
good deal of education in this field during the last year or two. I 
hope that more may follow soon. 
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Your raising of this question about dental X-rays and X-rays in 
the medical profession in general brings to mind a point which 1 had 
intended to cover here today and have not done so. There has been 
a question as to what regulation should be imposed upon the health 
profession in the use of X-rays. If X-rays are used without care, 
there is no question that such situations constitute an unnecessary 
hazard. The health professions on the other hand have indicated 
that they wish to have considerable freedom to determine what should 
be done in any particular medical problem. I think that the solu- 
tion to this question is simply this: The health professions should have 
the freedom to determine what X-rays are needed in a particular situa- 
tion. Whether a dental series of X-ray films is necessary, whether lum- 
bar spine films are necessary, this is a matter which should be based 
on professional judgment. However, this freedom, I believe does not 
carry with it the right to use X-ray equipment improperly. I think 
therefore that there must be regulation of X-ray equipment and its 
technical use, that there must be provision for determining whether 
or not physicians are employing their equipment safely. If such 
equipment is being used improperly, mechanisms should be available 
to put it right. Where these recommendations are not followed, there 
should be mechanisms to stop the use of such equipment. 

Representative Hosmer. That is exactly the discussion my question 
was intended to trigger. My second question along that line is, who 
should do this regulation, inspection and so forth, that you have dis- 
cussed? Let me ask the question in this context: 

The total amount of dose over a particular life span or arbitrary 
number of years has been used time and again. Also witness after 


witness has come up and explained, as you have, that medicine is some- 
thing different, you have to leave it to the doctors. Yet it has an in- 
escapable tie-in with the total radiation picture. This is not only from 
what doses you give to these people, but from whether their equipment 
is safe or not? Does that mean that all this regulation in all the fields 
is going to have to be done by one authority, or can there be an alloca- 


tion of responsibilities within the overall picture that is reasonably 
workable ? 

Dr. Morean. I think that some central focus is desirable in a field 
as complex as this. It would seem that since the problems which are 
involved here have to do with the health of the people that this central 
focus should be in the health department, that is, at the Federal level, 
it should be within the Public Health Service. This does not, of 
course, mean in any respect that this removes from responsibility all 
of the other agencies which have health operating teams. 

You have suggested in your question that since this field is an ex- 
tremely complex one, there needs to be some focus somewhere to tie 
these things together. It would seem that since this is a health prob- 
lem that the Public Health Service would be the logical place for it. 

Representative Hosmer. That is all, Mr. Chairman. 

Representative Hoxtrretp. Mr. Ramey. 

Mr. Ramey. Following along that same line, you mentioned the 
Public Health Service. The Federal Radiation Council, by givin 
these guides on total dosage might provide the focus for your tota 
accumulated dose that the population should be exposed to. 
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One of the questions that we have run into throughout this series 
of hearings has been: Does the Federal radiation guide apply, let us 
say, to medical exposure? It says something about normal peace- 
time application. We guess that might apply to medical technicians, 
to persons giving the dose, but probably not the patient. In your 
consultation with the Federal Radiation Council, did that come up? 

Dr. Morean. Yes, this has come up, as it comes up frequently when- 
ever one speaks of medical exposures. The application of X-radia- 
tion in medical practice should and perhaps most frequently occurs 
in situations where there is a substantial need for X-rays to be taken; 
that is, there is clearcut evidence that the work should be done. Not 
infrequently the work is done in patients who are outside of the 
reproductive age; here genetic risk is not present. Also, not in- 
frequently, these X-ray studies are done in older age groups where 
the chance of somatic damage has less of an opportunity to operate, 
However, not infrequently X-rays are extensively applied in younger 
age groups, particularly where the situation being faced is one of 
grave medical consequence. In our experience one of the most im- 
portant contributions to large radiation doses in patients takes place 
in young children with congenital heart disease. One would think 
offhand that this is a very undesirable age group in which radiation 
should be applied. But most of these children, if their medical work- 
up, including X-rays, is not done, at best face very short life spans. 
Hence when one speaks here of risk and benefit one speaks about 
something quite different from the situation which prevails for an 
X-ray technician receiving his or her livelihood in a hospital and 
being exposed as a consequence of his or her occupation. In this 
instance, radiation standards have great usefulness. But as to the 
medical exposure of patients, I can only say that radiation standards, 
based on maximum permissible dose concepts don’t seem to apply to 
this situation too well. 

What needs to be of concern here, I think, is that the X-ray appara- 
tus operate satisfactorily. Hence, radiation standards should be 
directed to means whereby such safe operating conditions may be 
achieved. 

Mr. Ramey. I think it has been commented on in some of our other 
hearings that there may be examples of medical exposure where you 
just get into conventional attitudes by the dental or medical profes- 
sion where you might have some excess radiation. Certainly in the 
case of dentistry, I think anybody who has been to a dentist over the 
last 20 years realizes that they use X-rays less now than they used to. 
Then you take fluoroscopy and other aspects like that, where you get 
huge amounts, it seems that perhaps as the result of just the general 
understanding of the effects of radiation that the medical profession 
may be cutting down. 

The last question I would like to ask on this bears on your discus- 
sion of the graded risk concept of radiation standards. There is an- 
other concept which ties in with it somewhat which we have called a 
philosophy of allocation of exposure. In other words, whether 
or not you will set a standard and figure out all the other current ex- 
posures that are involved, and then you have a certain amount left 
over. A lot of times, as we have seen, the question is do you include 
medical radiation. Do you add that in and then put your standard 





RADIATION PROTECTION 267 


so you have something left in? I believe Dr. Williams testified the 
other day that you probably should include it so that you are looking 
at all of your radiation. 

Dr. Morean. I think you should, if possible. At the present tim 
the difficulties of measuring and recording the radiation Sn receive 
by patients during diagnostic X-ray studies are quite great. How- 
ever, if it should become easy to record such data, in the future, I 
think it might be quite desirable for records to be kept of medical 
X-ray exposures so that a physician might be better able to plan 
future X-ray work on his patients. 

Mr. Ramey. I was thinking also in terms of average doses. They 
give these figures of man-rems per million people, in figuring overall 
standards. It would be a little easier then to take into account the 
overall medical exposure to the population, particularly in terms of 
your genetic aspects, that the medical exposure ae be taken as 
one part and a rather large part of the total amount of radiation a 
population has received. 

r. Morgan. There is no doubt about this. 

Representative Hoxirretp. Dr. Morgan, we are aware, of course, 
that children are much more susceptible to radiation damage than older 
people. We have had testimony before us in regard to the effect of 
radiation upon the fetus. I think it is quite well known that many 
women during the course of pregnancy have X-ray pictures for one 
reason or another. What is your opinion about the prevalence of this 
sort of thing, and under what conditions would you say it should 
obtain that would justify the use of abdominal X-rays during the time 
of pregnancy ? 

Dr. Morean. As far as prevalence is concerned, I can only give 
Spares on the experience at our own hospital. Here the use of 

-rays of the abdomen during pregnancy has been reduced almost 
to the vanishing point. I don’t think that things are quite so low 
elsewhere, but I think there has been a substantial reduction in 
recent years. 

As far as the indications of X-ray examinations during pregnancy 
are concerned, I think that here the medical situation has to dictate 
in large measure. I would simply boil it down to this. I would 
reserve as far as possible the use of X-rays to the third trimester of 
pregnancy, using them just as sparingly as possible theretofore. Even 
in the third trimester of pregnancy I would not use them if there were 
any other methods of gaining the information that is desirable. 

epresentative Horirteip. And also it was indicated that there was 
an emergency condition in which the information was vitally needed. 

Dr. Morgan. That is right. What you have just said is common- 
sense, 

Representative Horirtetp. I know, but this does not obtain. I have 
known of situations where women who were curious whether they 
might have twins at birth have asked for X-rays and doctors have 
given them X-rays. 


Dr. Morean. Yet such information is academic. Perhaps economic 
as well as academic. 


Representative Horirretp. Uneconomic for the person who pays for 
the X-ray. Inany event, there should be a wide understanding among 
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the medical profession that X-rays at that time should be resorted to 
only in the most emergent conditions. 

Dr. Morgan. That is right. 

Representative Hoxrirreip. Unless there are further questions, we 
will excuse you, sir. Thank you very much. 

Dr. Morean. Thank you. 

Representative Hoxirrerp. Our next witness is W. A. McAdams, 
manager, industry standards, General Electric Co., Schenectady, 
N.Y. Weare glad to have you before us again. 


STATEMENT OF W. A. McADAMS,? MANAGER, INDUSTRY STAND- 
ARDS, GENERAL ELECTRIC C0., SCHENECTADY, N.Y. 


Mr. McApams. First of all, I would like to express my appreciation 
to the committee for the opportunity to be here. As requested in the 
invitation, I will try to discuss some of the practical aspects of radia- 
tion protection criteria and standards, and discuss to some extent the 
effects of these criteria and standards on private industry. 

It is evident that people everywhere are becoming more and more 
concerned about the hazards of ionizing radiation. It is difficult to 
comprehend the basis for this concern because radiation work is gen- 
erally well controlled and the accident and injury rates for radiation 
occupations are far lower than for most other occupations. Neverthe- 
less, the public has developed a fear of radiation, and regulatory 
agencies of government at all levels have considered it necessary to 
establish extensive controls over radiation sources. The basis and ap- 
plication of these controls have become points of constant disagree- 
ment. 

In my preprint statement I summarized my general philosophy 
about radiation protection criteria and standards, and I attempted to 
outline some of the problems involved. I would like to review parts 
of this statement and to elaborate on several matters which I believe 
are of some importance. 

Over the years industry has had to deal with all kinds of hazardous 
situations and has almost always found satisfactory methods for deal- 
ing with such situations. It has been common practice for these 
methods to be worked into safety standards and occasionally for these 
safety standards to be incorporated into regulatory codes. The de- 


1 Born in Hagerstown, Md., in 1918 and graduated cum laude from Washington College 
in 1940 with a B.S. degree in mathematics and physics. 

After serving 3 years as a ballistics engineer for the Du Pont Co., he was transferred 
to the Manhattan project as a research physicist. Here he was coinventor of two nuclear 
fuel-testing methods and of a separations process, the latter with Dr. Eugene Wigner. 

He entered radiation protection work at Oak Ridge in 1944, transferred later to Hanford 
and worked through the radiological sciences organization there, becoming manager of what 
is now the radiation protection service there in 1951. In 1955 he became a consultant 
in radiation protection for the General Electric Co. at large. 

He is a member of the National Committee on Radiation Protection, and chairman of its 
subcommittee on regulation of radiation exposure dose. He is also chairman of several 
other national committees in the field. For the last 2 years has been a U.S. delegate to 
the nuclear energy meetings of the International Organization for Standardization. He 
spoke at the Second International Conference on Peaceful Uses of Atomic Energy at 
Geneva last September. He has been named a technical adviser on radiation protection 
to the 1959 International Labor Conference at Geneva in June and has also been named a 
—— to the annual meeting of International Blectrotechnical Commission at Madrid 
n July. 

He was appointed manager of the industry standards service in the engineering services 
division of General Electric on Feb. 1, 1959. 
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velopment of such standards and codes has tended to follow an orderly 
process which includes the following steps: 
1. Recognition of a hazard; 
2. Study and analysis of the hazard and its effect ; 
3. Development of control methods; 
4. Use of the control methods on a trial basis; 
5. Standardization of control methods for one operation, one 
plant or a few plants; 
6. Adoption of the standard for wider application, perhaps 
eventually throughout industry; 
7. Translation of the standard into a regulatory code. 

Ordinarily this process is one which develops slowly with careful 
appraisal of results along the way. The final steps on standardization 
are rarely attempted until the data from the early steps are clearly 
established. More often than not, the formulation of a regulatory code 
has been found to be unnecessary because adequate controls were 
achieved on a voluntary basis without it. 

Up to a point, the development of radiation protection standards has 
proceeded according to this traditional pattern. The hazards of radia- 
tion have been recognized and the physical and biological effects of 
radiation have been carefully investigated. The basic principles of 
protection have been defined and these are being adapted to a wide 
variety of radiation work. 

Throughout these developments the NCRP has analyzed the scien- 
tific and experimental data obtained and has formulated the criteria 
for sound radiation protection practice. In doing this, the NCRP has 
made it clear that these criteria are technical guides to be adapted and 
interpreted by qualified health physicists. 

Many governmental agencies have found it necessary to promulgate 
radiation protection regulations, and they have based these regula- 
tions on the NCRP recommendations. i believe that much of the 
present confusion has resulted from the fact that these regulations 
have been written as rigid interpretations of the NCRP recommenda- 
tions which are still flexible guidelines and not firm standards. 

In drafting their radiation protection regulations, the agencies of 
government have frequently gone to the NCRP for advice. In order 
to give some formal assistance to these groups, the committee in 1955 
published a handbook on “Regulation of Radiation Exposure by Legis- 
lative Means.” This handbook gave the philosophy of the committee 
regarding radiation protection laws and codes and included a set of 
“Suggested Regulations” for use by the States. The committee has 
pointed out on a number of occasions that these “Suggested Regu- 
lations” were intended only to provide the framework for regulatory 
control over radiation sources. Nevertheless, the suggested regula- 
tions have been used widely as a model code 

For the last 2 years an NCRP subcommittee, of which I am the 
chairman, has been revising these suggested regulations into a more 
realistic model. Representatives of the AEC, the U.S. Public Health 
Service, the U.S. Department of Labor, and several State agencies 
have worked as a part of this subcommittee along with members of the 
legal and medical professions. The code is now nearing final accept- 
ance. However, in view of the recent activities of the Federal Radia- 
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tion Council, and the work of the AEC in developing criteria for use 
by the States, the NCRP is undecided about publication of the model. 

There are three specific matters relating to regulatory codes which 
I would like to discuss in some detail and which I believe are of con- 
siderable importance, particularly to private industry. These are: 
one, the basic requirements of uniformity in regulatory codes; two, 
the concept of acceptable risk; three, the possible effects of reduced 
permissible exposure limits. 


BASIC REQUIREMENTS OF UNIFORMITY 


It is apparent that the radiation protection regulations of different 
agencies of government must be as uniform as they can be made. 
However, in striving for such uniformity we must make sure that we do 
not adopt regulations that are too specific or inflexible. The proper 
amount of uniformity can be achieved by fixing the basic objectives 
to be attained, leaving the methods of obtaining these objectives to 
the users themselves. 

Certain provisions of all radiation protection codes should be quite 
specific and identical for all regulatory bodies. These include: one, 
definitions of basic terminology ; two, list of sources exempt from con- 
trol; three, permissible exposure limits; four, basic requirements for 
exposure records; five, use of a standard warning symbol. 

Other provisions of the codes should carefully avoid being specific 
and should provide maximum flexibility to the user. These include: 
one, monitoring methods and equipment; two, source handling and 
storage procedures; three, criteria for the design of facilities; four, 
decontamination methods; five, methods for treatment of exposed 
personnel. 

Recently there has been a tendency to make the regulatory codes 
highly specific and detailed on all of these matters. It appears that 
this is being done in an attempt to explain to the inexperienced users 
the proper methods of conducting radiation work. While many users 
need such help, it is improper to use regulatory codes as an educational] 
tool. 

ACCEPTABLE RISK 


A major purpose of any regulatory code is to reduce to an acceptable 
level the risk that any person may be injured by radiation. The ques- 
tion here is: What constitutes an acceptable risk ¢ 

Practically every occupation ravolion some risk to the worker and 
to members of the general public. In many cases for example in the 
various industrial crafts, the hazards are easy to recognize and usually 
easy to protect against. In these cases the worker and the public 
know enough about the hazards to decide whether the risk is an ac- 
ceptable one. 

other occupations, for example in work with chemicals, in dusty 


SADDER or under noisy conditions, the hazards are more difficult 


to evaluate. In these cases the workers and the public assess the risk 
on the basis of what they have learned or been told about the hazards. 
If there is little knowledge about the hazards, there is a general will- 
ingness to “take the chance” until more information becomes available. 

It is doubtful that radiation work is any more hazardous than 
some of these other occupations. However, we know a great deal 
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more about radiation than we do about certain chemicals or dusts. 
This is particularly true insofar as the long-range biological effects 
are concerned. The result of this etxra knowledge is a much greater 
fear for radiation work than for occupations which may in fact be 
more hazardous, and for which the risk is now considered to be 
“acceptable.” 

The employer always has the responsibility to protect the workers 
and the public from the hazards arising out of his operations. When 
the hazards are difficult to appraise, as they are in some work with 
chemicals and radiation, he must do everything that he can to make 
the risk at least as low as it would be for other more familiar types of 
work. He must do this regardless of the cost involved. However, 
when he can demonstrate that he has achieved this degree of safety, 
he has a right to expect the public to permit him to balance further 
protection with the costs required to achieve it. If he is not permitted 
to do this, some beneficial uses of radiation may never become eco- 
nomical. 


EFFECTS OF REDUCED PERMISSIBLE EXPOSURE LIMITS 


There has been considerable discussion during recent months about 
reductions in the maximum permissible exposure limits. Much of this 
discussion has been confused and misleading because it has been un- 
certain what limits are now being used. 

At the present time the official permissible exposure limits of the 
AEC are those appearing in part 20 of the AEC regulations (20 CFR 
10), which became effective in February 1957. Most of the State 
codes also use these same limits. These limits are out of date and, 
— were out of date by the time they were put into use by the 

In January 1957, the NCRP published a statement recommending 
changes in the limits and these are the ones still recommended by the 
NCRP today. Thus, when we discuss a reduction of limits we must 
make sure whether the reduction is to the existing official limits of 
the AEC or to the current limits recommended by the NCRP. 

(For example, under the present rules of part 20 of the AEC regula- 
tions, the maximum permissible limit for gamma radiation to the 
whole body is 0.3 roentgen per week. This would permit 15 roentgens 
per year every year. The current NCRP recommendations permit 3 
roentgens in any 13 consecutive weeks providing the total integrated 
exposure does not exceed 5 roentgens times the number of years beyond 
age 18.) 

Despite the fact that few of the regulatory codes now in place use 
the current NCRP exposure limits, it is believed that most radiation 
installations have adopted these limits on a voluntary basis. For 
example, in a recent spot check of 30 General Electric plants doin 
radiation work, we found that all but two were using the NCRP 
limits. Both of these plants were AEC licensees and were operating 
under the rules of part 20 of the AEC regulations. It has been our 
experience in all of our plants that the present NCRP limits are prac- 
ons and we have encountered no serious problems in working to 
them. 

Most radiation installations and most products which generate radi- 
ation or use radioactive materials have been designed to stay well be- 
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low the NCRP limits recommended. This has been done in an attempt 
to follow another NCRP recommendation which is to keep all expo- 

sure to the lowest practicable level. As a result, personnel exposures 

for most industrial radiation work have been substantially below the 

permissible limits. 

If the NCRP found it advisable to recommend a reduction in the 
present limits, industry would observe these new limits and would 
continue to keep exposures to the lowest practicable levels. However, 
the practicable levels might then be much closer to the permissible 
limits than is now the case. In most situations, a reduction in limits 
would mean that the users would operate about as they do now, but 
would no longer be able to rely on the generous safety factors they 
have at the present time. This would lead to more technical overex- 
posures, but no appreciable change in the exposure received by in- 
dividuals or the general public. 

Of course, there would be cases where a user would find the reduced 
limits to be lower than what he considered practicable. I believe these 
cases would represent only a small percentage of the total. In such 
cases the user would have to develop more efficient equipment or pro- 
cedures to meet the limits, or discontinue the radiation work. This 
could mean a suspension of some beneficial uses of radiation, and might 
actually retard some programs in the development of peaceful uses of 
atomic energy. 

Open discussion of such cases, as is provided in these hearings, 
should provide a better understanding of these problems. Thank you, 
Mr. Chairman. 

Representative Hotirretp. Thank you, sir. Mr. Hosmer. 

Representative Hosmer. Where you discuss NCRP suggested regu- 
lations which have been used as a model code and written into law 
and regulations, and so forth, what is the reason for that? Is it a 
lack of knowledge or a fear of legal consequences if these steps are not 
taken ? 

Mr. McApams. The NCRP has reported a number of times, that it 
has been very reluctant to get into the business of writing regulations. 
It was with considerable reluctance that the NCRP published the orig- 
inal handbook on this subject. Inasmuch as other agencies are in the 
process of developing model codes, the NCRP is afraid that publica- 
tion of its model at this time might confuse the issue and interfere with 
the work which other groups, such as the AEC and the Federal Radia- 
tion Council, are doing. 

Representative Hosmer. Irrespective of who puts these guidelines 
out, is there not a tendency to accept them as “it”? 

Mr. McApams. This is true. Previously the NCRP published a set 
of suggested regulations which it never intended to be used as a model 
code. Nevertheless, several States—Massachusetts, Pennsylvania, and 
Texas, and I think several others, used this set of suggested regulations 
as a model for their codes. In fact, in several cases they used them 
word for word as written by the NCRP. 

Representative Hosmer. What I am trying to get at is, why did they 
do this? 

Mr. McApams. They did this because they have always looked to 
NCRP for fundamental advice on radiation protection matters. 








ines 


a set 
odel 
and 
fions 
them 


they 


od to 


RADIATION PROTECTION 273 


Representative Hosmer. Aside from the prestige of the NCRP what 
about the FRC? Is this going to have the same effect? I think you 
are arguing against taking these guidelines and fixing them into rigid 
control. What I am trying to get you to discuss is how do we avoid 
that situation. In so doing, I am trying to find out why they tend to 
become rigid. 

Mr. McApams. As you know, the NCRP has always considered its 
recommendations as flexible guides. In some cases, it is obvious that 
certain parts of the recommendations have to be firm standards. I 
think there is no question that if we are going to have regulatory 
codes that we must treat such things as maximum permissible limits 
as uniform for all regulatory bodies. The NCRP in publishing its 
recommendations has always felt that these permissible limits should 
be interpreted by qualified experts in the field. It is realized that there 
are not very many quslier! experts to do this. In the process of 
writing regulatory codes, it is necessary to become a little rigid in 
some parts. For this reason, I suggested that certain principles of 
our regulatory codes be made specific for all cases. These are the 
places where I think you could have rigid standards. But other mat- 
ters, like monitoring equipment, the procedures you use for decon- 
tamination, and so on, should be left to the user himself; this would 
permit the user to have a freedom of choice of movement, and as a 
matter of fact, would permit him to develop better methods of deal- 
ing with the problem of radiation. 

Sisnecuersatiin Hosmer. Do I take your answer to mean then, with 
specific reference to the State of New York where we know that they 
are pretty far advanced, would their adoption of these things, to 
some extent in total, mean that they did it because they did not have 
the knowledge to do it otherwise, or was it because they did not have 
the courage to do it otherwise, or was there some other reason behind 
it? 

Mr. McApvams. I don’t think New York is a good example here, be- 
cause, as I recall, New York State actually promulgated their regula- 
tions in advance of the NCRP handbook. 
Representative Hosmer. Let me change it to these States that did 
this. 

Mr. McApams. Let us consider Pennsylvania, as an example, which 
took the code as it was essentially, and put it into use as a State regu- 
latory code. 


Representative Hosmer. What is the reason for it? Were they 
afraid to do anything else ? 

Mr. McApams. I think they felt that this was the best document 
for their use at the time. There were no other models they could turn 
to and they felt that since the NCRP had been so long established in 
this work, that they would follow their advice. 

Representative Hosmer. They did not have it within their own or- 
ganizations to come up with anything better ? 

Mr. McApams. That is correct, but they did hold open hearings on 
the codes as they were adopted. Most States have seen fit to do this. 

Representative Hosmer. In the discussion of uniformity, some of 
our witnesses last week made references to the need for certain uniform 





274 RADIATION PROTECTION 


types of equipment, calibration and other things of that nature. 
ould you like to discuss that ? 

Mr. McApams. I think if you attempt to standardize on too many 
of these things that you may actually discourage improved technology 
in the field. An attempt to establish a standard radiation monitoring 
instrument, or a standard method of calibration, could hold back the 
development of better and more efficient methods of conducting radia- 
tion protection work. 

Representative Hosmer. Would it not on the other hand afford some 
of these States where they do not have within themselves expert people, 
would it not help in the accumulation of uniform individual dose 
histories ? 

Mr. McApams. Mr. Hosmer, I agree that some work needs to be 
done along this line but I don’t believe it should be done in the regu- 
lations. I think some people in these hearings have discussed the 
work of the American Stendards Association in developing standards. 
I know there are several groups working through the American Stand- 
ards Association (or some of the related bodies to it), in the develop- 
ment of standard instrumentation, standard calibration methods, and 
so forth. We have one committee that is trying to develop a model 
industrial radiation exposure records system. This would be a general 
standard and would not be overly specific, but would provide the basic 
procedures by which records should be kept. 

It seems to me the best place for this to be done is through the 
American Standards Association where all groups having an interest 
can come together and try to work out a reasonable solution. But I 
don’t think you can or could cover these matters in regulatory codes. 

Representative Hosmer. In other words, it is not a matter of legis- 
lation or fiat. It is a matter of voluntary industrial methods. It 
is not only a matter of industrial voluntary methods. Inthe American 
Standards Association you have all groups participating, industry, 
labor, technical societies, research organizations, and you have a wide 
variety of people coming together. If you can get all of these parties 
to agree, then you have something which is readily acceptable on a 
voluntary basis. 

Representative Hosmer. One further question in connection with 
your discussions of acceptable risks. It was a discussion with respect 
to risks in working in industry where there is an exposure to ionizing 
radiation. I did not gather distinctly from it whether you were 
talking in the context of somatic injuries only or also in the context 
of genetic injury. 

Mr. McApams. I was talking in regard to both. I think we have 
spent considerable effort in the last 15 or 20 years exploring the bio- 
logical effects of radiation, and we have done a much better job 
in radiation work than we have for many occupations with dust and 
chemicals. I think as a result of the knowledge we have put together, 
we have attempted to call attention to the fact that hazards exist 
and this has aroused the fear of the general public more so than in 
other occupations which I feel are equally hazardous. I still believe, 
however, that the employer is responsible to protect his workers and 
the public and he must do this under any conditions. 
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Representative Hosmer. At any rate, with both genetic and somatic 
effects, there is a stricter requirement than if it was only a matter of 
industrial somatic hazard to the individual worker. 

Mr. McApams. Yes; I believe this is true. I believe radiation users 
have operated with tight controls and this is borne out by the fact 
that we so far have had very fine safety records in radiation work. 

Representative Hosmer. Thank you. 

Representative Horrrretp. Did the Federal Radiation Council con- 
sult with you and your NCRP subcommittee on the suggested guides? 

Mr. McApams. The Federal Radiation Council did not consult me or 
my subcommittee, but they did consult the main NCRP committee 
through its chairman. 

Representative Hoiirretp. Were your suggestions and data made 
available to them by the main committee ? 

Mr. McApams. The subcommittee on this model code has just com- 
oleted its work and has now turned over its final document to the main 

‘CRP committee. The main NCRP committee is currently review- 
ing this document and has made suggestions for its modification. 

Representative Hoxtrrevp. The guides that were promulgated were 
done prior to the conclusion of your subeommittee’s work ¢ 

Mr. McApams. That is right. 

Representative Horrrretp. On page 7 in the paragraph in the mid- 
dle of the page, will you explain the difference between part 20 of the 
AEC vaalattonl and the NCRP suggestions? 

Mr. McApams. Under the present AEC regulations which were 
adopted back in February 1957, the previous NCRP recommendations 
are used. Now, I cited only one example. It would take a complete 
review of several handbooks of the NCRP to review all of the exposure 
limits involved. In the case of whole body gamma exposure the per- 
missible exposure limits under the old NCRP rules were 0.3 roentgens 
per week. There was no annual exposure limit and there was no quar- 
terly exposure limit. The AEC still maintains the limit of 0.3 roent- 
gens per week in its regulations. I should say that the AEC has pro- 
posed a revision to part 20 but this has not yet been published. 

Representative Horirretp. Let us take a man 40 years of age. What 
would this mean with the present 3 roentgens in 13 consecutive weeks ? 
What maximum would he have? 

Mr. McApams. He would be able to take 12 roentgens in 1 year, and 
could also receive a total exposure by age 40 of 5 times 22 years, or 
110 roentgens. 

Representative Hortrretp. Twelve would be the maximum for any 
1 year. 

Mr. McApams. Twelve would be the maximum for any one year, 
he could get that any year so long as he did not receive an exposure 
greater than that permitted by the age. 

Representative Hotrrrerp. At the bottom of the page, you say it 
has been our experience in all of our prate that the recent NCRP 
limits have encountered no serious problem with respect to working 
with them. What has been the attitude of the workers with regard 
to the limits in your plants? Have you had any protest or any con- 
cern on the part of the workers? 
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Mr. McApams. In general, I think the workers have been well im- 
pressed with the efforts we have taken for protection. We made a 
study of our plants about 2 years ago, and some 72 plants, were en- 
gaged in radiation work. In these plants we found that we had had 
only 3 injuries in the history of our records for some 2,000 radiation 
workers, plus another 6,500 persons working in the vicinity of sources, 
and a total work population of something like 112,000 people. This 
gives us an injury frequency rate of something under 0.01 injury per 
million man-hours, which is an exceptionally fine record. 

Representative HoxirrreLp. We have had a great deal more injuries 
from cutting tools and things like that. 

Mr. McApams. This is true. We have heard no complaints from 
our workers with respect to radiation. 

Representative Honirretp. You speak of retarded uses, on page 8, 
if there were a reduction in limits of permissible dose. Were you 
referring to the use of isotopes mostly there, or to work around reac- 
tors, or what were you referring to? 

Mr. McApams. I might cite an example. In two or three of our 
plants we have what amounts toa production line operation. A good 
example is the plant which manufactures luminous dial timepieces. 
This is done on a production line basis. The exposures which we 
consider to be practicable are somewhat under the permissible limits. 
I think they run below 20 percent of the existing permissible limits. 
If we lowered the permissible limits by a factor of 5 or 10, it might 
be necessary to redesign this whole production line. In fact it might 
require us to make a complete change of operation and perhaps go to 
an automated system which would eliminate the hand work that is now 
necessary, or it might require us to make other major change in our 
operation. I think that this could delay us and, perhaps cause us to 
raise our prices, but in time we would work out a suitable method 
for dealing with the problem. 

Representative Hottrrep. Mr. Ramey. 

Mr. Ramey. In your reference to the AEC rules on part 20 and the 
current NCRP recommendations, it is true that AEC has some pro- 
posed revisions of part 20 that more nearly correspond to the NCRP 
recommendations, do they not ? 

Mr. McApams. That is right. 

Mr. Ramey. Has industry taken a number of exceptions to these 
recommendations ¢ 

Mr. McApams. I know that some groups in industry have objected 
to the adoption of part 20 but I didn’t think it was because of the 
permissible limits themselves. I think the objection was due partly 
to the method in which the limits are quoted, and partly because of 
some of the other features of the rules. I don’t think there has been 
any basic objection to the permissible limits themselves. 

Representative Hoxie tp. Are there any further questions? If 
not, thank you very much, Mr. McAdams. 

Mr. McApams. Thank you. 

Representative Horirrecp. Our next witness will be Mr. J. W. 
Healy, consulting radiological scientist, Hanford Laboratories. 
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STATEMENT OF J. W. HEALY,’ CONSULTING RADIOLOGICAL SCIEN- 


TIST, HANFORD LABORATORIES, GENERAL ELECTRIC CO., RICH- 
LAND, WASH. 


Mr. Heaty. Mr. Chairman, I have been asked by the staff to discuss 
several aspects of radiation protection standards with emphasis on 
the costs of radiation protection, the practical aspects of application, 
and the lines of reasoning used for radiation hazards as compared to 
other industrial hazards. In my discussion of these factors I would 
like to cover five main points: 

First, standards required for accident prevention as contrasted 
to those required to minimize chronic exposures; second, a part of 
the basis for present radiation protection limits; third, the use of the 
NCRP recommendations as advice as contrasted to regulations ; fourth, 
some general considerations of costs; and, fifth, some questions con- 
cerned with the application of the risk principle. 

In consideration of the first point, we can broadly categorize health 
and safety as those provided to prevent accidents and those provided 
for control of exposure to a harmful agent. Both problems are of 
importance in radiation protection although we should realize that 
the main recommendations for limitation of dose by the NCRP are 
based primarily upon the need to control continued exposure. 

Radiation exposure from an accident usually results from an un- 
usual condition or action. Accident control, then, consists of devisin 
procedures or designs to minimize the probability of these off-stand- 
ard conditions or to minimize the readin of a given accident. Such 
controls involve conventional safety philosophy and techniques ap- 
plied to these special problems. Thus, the instruction of a man to 
work safely with radiation utilizes the same general considerations 
as instructing an individual in work with high explosives or chemicals. 
In each case the prevention of accidents involves proper training, care, 
foresight, and design of equipment. 

Health and safety standards for accident prevention have been 
stated for many sources of potential injury other than radiation. 
Construction codes, rules on transport of explosives, conventional 
safety rules in most plants, et cetera, all are designed to minimize 
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of U.S. Offsite Aspects Team, Windscale Incident Study, England, 1958; member of AEC 
Atoms for Peace Mission to New Zealand, 1958. 

Work history: 1942-44, chemist, rayon department, BE. I. du Pont Co., Buffalo, 
N.Y.; 1944, chemist, Clinton Labs, Oak Ridge, Tenn.; 1944-45, shift supervisor, medi- 
cal department, E. I. du Pont Co., Richland, Wash. ; 1945, engineering assignment, medical 
department, E. I. du Pont Co., Richland, Wash.; 1945-46, senior supervisor, medical 
department, E. I. du Pont Co., Richland, Wash; 1946—48, assistant chief supervisor, 
medical department, later health instruments division, General Electric Co., Richland, 
Wash.; 1948—50, chief supervisor, health instruments division, General Blectric Co., 
Richland, Wash., 1950-56, biophysicist, radiological sciences department, General 
Electrie Co., Richland, Wash. ; 1956 to present, consulting radiological scientist, Hanford 
Laboratories, General Electric Co., Richland, Wash. 

Professional societies: Health Physics Society, American Nuclear Society, Radiation 
Research Society, Atomic Industrial Forum, American Industrial Hygiene Association, 
American Chemical Society, American Association for the Advancement of Science. 

Committee memberships: Member, Main Committee, NCRP; chairman, Subcommittee on 
Handling of Radioactive Isotopes and Fission Products ; member, Subcommittee on Internal 
Dose ; member, Subcommittee on Monitoring Methods and Instruments; member, Subcom- 
mittee on Inhalation Hazards, Committee on Biological Effects of Atomic Radiation, Na- 
tional Academy of Sciences, National Research Council; member, Sanitary Engineering 
Advisory Committee, Washington State University; member, General Electric Reactor 
Safeguards Council ; member Subcommittee 1 of American Standards Association N6 Com- 
mittee on Reactor Safeguards; member, American Board of Health Physics. 





278 RADIATION PROTECTION 


the probability or severity of an accident. We might note that the 
success of these standards is not judged by the public on the basis 
of 100 percent elimination of accidents. In fact, in some areas, pro- 
jects have been undertaken with the statistical knowledge that some 
fatalities will result. 

I believe that, realistically, we must admit that accidents will occur 
with radiation even with our best efforts to minimize the probability, 
since equipment does fail and people do make mistakes. Xt the same 
time, I concur with Dr. Wolman that we must not become complacent 
but must continue to strive for complete control. 

Consideration of the second type of standard, those designed to 
minimize chronic exposure, leads into my second point, the underlying 
basis for radiation protection standards. 

This type of standard is exemplified in other fields by the maximum 
allowable concentrations in air for many toxic materials such as 
nitrous fumes, hydrogen sulfide, et cetera. Such standards are fre- 
quently derived for many toxic materials by noting directly the effects 
of a given concentration in the air on man, through industrial hygiene 
and medical studies, or on laboratory animals, rather than by relating 
the intake of the material to a previously determined toxic limit for 
given organs. 

These maximum allowable concentrations are, therefore, more 
closely connected with observed effects than the maximum permissible 
concentrations used for radioactive materials. The types of injury 
considered for most toxic agents are those which appear during ex- 
posure or shortly following an exposure. 

The immediate effects of benzene and other organic materials on the 
body are reasonably well known and can be distinguished by thorough 
medical examinations. For this type of injury it is usual to assume 
that a true threshold exists, i.e., that no overall harmful effect. occurs 
until a given toxic level is reached. For many of these agents it is 
possible to detect incipient signs of damage prior to the time that the 
effects become irreversible. Thus, it is possible to observe the levels 
at which a threshold response is noted and utilize these levels as a basis 
for setting a safe level. 

For other agents the effects can be specifically related to the work 
even though the damage occurs later. For example, in silicosis, the 
manifestation is a particular set of clinical symptoms which distin- 
guish the disease. The chemical carcinogens provide a class of mate- 
rials which produce late injury. These injuries are of a type in which 
the causative factor for an individual case is not clearly related to the 
exposure, and the effects can only be distinguished by the increased 
frequency among those exposed. 

Although the general methods of derivation of radiation protection 
standards and those for chemical materials are similar, the extensive 
information on the effects of radiation has led to a complete depend- 
ence of the radiation limits on the subtle effects which occur at a long 
time after exposure. These effects are generally differentiated from 
similar naturally occurring diseases only by detailed statistical in- 
creases in the frequency with which they occur in the irradiated group. 

The third point which I would like to cover concerns the methods 
of application of the present NCRP recommendations. The limits 
proposed by this body were intended to be used as advice with inter- 
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pretation according to the conditions of exposure and the methods of 
measurement available. If these limits are to be used as rules or reg- 
ulations, the methods of interpretation for various conditions of ex- 
posure must be included in the rule or the authority setting the rules 
must provide his interpretation by writing the rules in terms of spe- 
cific measurements. 

Although I do not favor the latter device, it does provide a method 
of enforcement which can be understood by both the enforcement 
agency and the user. For example, in many cases the personal 
dosimeter readings are used to determine compliance with the rule. 
In this case the rule is being interpreted as though it stated that the 
reading of the meter should not exceed a given value. 

The use of guides as rigid rules can produce situations in which 
the control is either overly restrictive or not sufficiently restrictive 
to meet the primary considerations of limiting the dose to the critical 
tissue or, in some cases, the quantity of radioactive material in the 
bone. As a practical means of achieving this limitation, maximum 
permissible concentrations are calculated on the basis of the buildup 
of radioactive materials in the body sufficient to deliver these doses. 

This is a different concept from the maximum allowable concentra- 
tions for many industrial toxic materials where the effect of living in 
au — concentration is noted directly without detailed consideration 
of the quantity accumulated in the body. Thus, the MPC for a 
material which has a long effective time of residence in the body is 
calculated on the basis that an individual will be exposed to the 
material over a period of time comparable to a lifetime. At the end 
of this time the quantity in the body will have increased to that amount 
which will give the maximum permissible radiation dose. A momen- 
tary exposure to a concentration somewhat greater than that listed 
as the maximum permissible concentration is, then, really unimportant 
in terms of the basic limitations on radiation dose to the given organs. 

Indirect effects can also alter the interpretation of limits. For 
example, when radionuclides are released to the environment, many 
of them can be concentrated to a marked degree by biological or phy- 
sical processes. These processes can result in concentrations in food- 
stuffs such that only a relatively small quantity of the food need be 
eaten to take in a full day’s quota of the radioactive material. 

The preceding remarks about the difficulties involved in applying 
rigid generalized rules derived from present maximum permissible 
concentrations for drinking of water or breathing air could be largely 
eliminated if the values were considered as action points rather than 
danger points ; in other words, as “control concentrations” rather than 
as “maximum permissible concentrations.” 

The fourth point for discussion—costs—is difficult to discuss in a 
quantitative manner because of the indefinite nature of many of the 
costs and the variability of the considerations with different types of 
installations and work. Methods of assigning the actual costs can 
vary depending upon the practices and philosophy of the organiza- 
tion involved. If, for example, a supervisor is charged with the re- 
sponsibility of the safe performance of a task, what fraction of his 
time should be charged as an item of safety costs? 

In the design field many of the safety items are integral parts of 
the facility or machine, frequently with purposes other than safety 
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alone. Should a reactor shield be considered as an item of safety 
cost, since it does protect people, or should it be a part of the equip- 
ment, since the reactor is of little use if people cannot operate it ¢ 

Answers to such questions are difficult and can be given in a defin- 
itive manner only for specific situations. 

We can generalize some of the aspects of cost. We know that they 
will be dependent upon the type of facility, the inherent hazards of 
the material handled, the nature of the work performed, and the spe- 
cific features designed into the facility. 

There does not appear to be a consistent, fixed relationship between 
the cost and level of protection which applies to all operations. One 
‘annot say, for example, that if we change a limit by a given amount, 
each installation will require the same change in costs. In some cases 
the change will be small since the facility handles little of the ma- 
terial which is involved, or the facility, for other reasons, was de- 
signed in such a manner that exposures are already well below the 
limit. In other cases, where the exposures were close to the old limit, 
a more restrictive change may require complete rebuilding of the 
facility in order to conform. 

We would expect most curves of cost versus protection to progress 
in steps rather than as a smooth continuous curve. For example, if 
a laboratory is handling small quantities of radioactive materials, 
ventilation requirements are minimal. If they wish to increase the 
amounts, some additional ventilation in the form of hoods or en- 
closures must be added. These precautions will suffice until a point 
is reached where the entire ventilation system of the area must be 
overhauled. 

When considering changes in protection against external radiation 
there will be a sharp increase in costs at the point where levels are 
such that shielding must be installed. The increase in cost with ad- 
ditional material handled may then be relatively small until the weight 
of the shielding is such that foundations must be changed. The 
next step will occur at the point where remote operation is necessary, 
and the final step when both remote operation and remote mainte- 
nance are required. Between these steps the curve will rise gradually 
with increases in amounts of material involved or with degree of pro- 
tection required. 

As a general rule, it is cheaper to design and build a plant initially 
to provide a given degree of safety than it is to build to less stringent 
standards and then renovate to provide the required protection. Sim- 
ilarly, if a plant is designed with a good degree of safety initially, 
moderate increases in safety or in quantities of material handled will 
not present insurmountable problems. 

I mentioned a brief study of the design of a major separations plant 
in the preprint material. The primary purpose of this study was to 
determine the change in capital costs of the plant if the design radia- 
tion levels in the operating areas were increased. The study con- 
cluded that if the design limits permitted tenfold greater radiation 
levels the savings would be about 0.4 percent of the total cost; if the 
design limits permitted one hundredfold greater levels the savings 
would be 0.8 percent of the total cost. Such changes in the cost are 


still of importance since even 1 percent of a major plant represents a 
large investment. 
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Discussions of the financial aspects lead rapidly into my final point 
since the monetary values are of real importance only as they bear on 
the balance between safety and progress in the use of radiation and 
atomic energy. ‘There is today a real desire to provide safe working 
conditions for employees and to avoid possibly hazardous conditions 
to the public. In most cases this desire involves applying the recom- 
mendations or standards derived by those best qualified in the field. 
We can, therefore, expect that the accepted exposure limits will be ap- 
plied regardless of cost. If, however, the cost becomes so great that 
the work cannot be carried out with the funds available, then the 
work will not be done. 

The risk principle can be applied in this problem. Presumably the 
decision has been made that we will use radiation and atomic energy. 
This cannot be done without exposing some people to radiation. In 
other words, if we assume a nonthreshold type of response, we cannot 
employ these phy without exposing some people to a risk. In so 
doing we would like to strike a balance in which the maximum benefits 
are obtained through use of radiation with the minimum harm. Our 
problem, then, arises since we cannot accurately define the risk nor 
can we accurately define the benefits to all people. Even if we could 
define these factors, there would still be controversy as to the proper 
level at which the balance should be taken since each appraiser applies 
somewhat different experience and background in his judgment. 

Ultimately our problem resolves itself into the broad area of overall 
social risk and progress. Are we warranted in setting limits at such 
a level that any individual has an increased risk? Should we differ- 
entiate between the individual who benefits directly from the applica- 
tions and the member of the population at large who benefits only 
indirectly? How do we strike a proper balance between the interests 
of the individual and the interests of the Nation? How do we balance 
our efforts to protect from radiation with the effort to eliminate other 
sources of injury? These questions should be emphasized as illustra- 
tive of the compromises which must be reached if we admit that uses 
of radiation and radioactive materials are worthwhile. 

The answers to such questions cannot be given by single individuals 
since a proper decision will involve all points of view and must be 
generally accepted. I believe that the present hearings will con- 
tribute to the status of public understanding by better defining these 
basic questions for individual appraisal on the part of the many people 
interested. 

I would like, Mr. Chairman, to thank the committee for the oppor- 
tunity to participate in these hearings. 

Representative Honirtetp. Thank you for your statement. 

Mr. Hosmer. 

Representative Hosmer. Mr. Healy, have you discussed these mat- 
ters in general with Mr. Parker, the manager at Hanford ? 

Mr. Hearty. We have discussed some aspects of these matters, yes, 
Mr. Hosmer. 

Representative Hosmer. In his piece in the preprint he talks about 
various categories of exposure. One he mentioned is the special pur- 
pose exposure. The example he uses would be the application of the 
aircraft nuclear propulsion in space flight. 

Mr. Heaty. Yes, sir. 
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Representative Hosmer. In that connection is he talking about. the 
individuals involved in the space vehicle, or is he talking about evalua- 
tion of dangers to the pala population ? 

Mr. Heaty. I cannot really answer for Mr. Parker on that ques- 
tion, Mr. Hosmer. I could give my views on the subject. 

Representative Hosmer. Let us do that, then. 

Mr. Heaty. I believe that both are involved. First, the individuals 
who will be flying the nuclear aircraft and the rocket will probably be 
exposed to radiations at levels above this. At the same time, if you 
are going to fly a nuclear aircraft, there is some added risk to the pop- 
ulation which must be considered. 

Representative Hosmer. But the relative risk to the population is 
very much smaller. 

Mr. Heaty. I would say “Yes.” 

Representative Hoirievp. It would be mostly from an accident; 
a it not ? 

Mr. Heaty. I believe this is correct. I am not personally familiar 
with the nuclear aircraft, but I would suspect that there would be some 
risk from the accident. In such case the risk to the crew would be 
quite a bit greater. 

Representative Hosmer. It would be a situation in which the risk 
to the individuals involved would be a great deal bigger factor in the 
— of the operators of the project than the risk to the general pop- 
ulation. 

Mr. Heaty. I think they would consider both. I believe they do 
consider both, Mr. Hosmer. 

Representative Hosmer. This emergency exposure type of risk that 
Mr. Parker discusses, he says we will forget about wartime and talk 
about peacetime emergencies and says that the degree of exposure 
under these circumstances might depend upon the extent of the acci- 
dent and the need to return vital installations to production. I am 
not going to ask you what that all means, but I am going to ask you, 
do you actually have any guides, regulations, or preestablished pro- 
cedures in connection with emergency situations, as he discusses here, 
or is it a matter for decision on the spot? 

Mr. Hearty. We have quite an extensive emergency plan, the basis 
of which involves getting the people who are familiar with radiation 
protection together to make decisions on the spot. We have given out 

ides to the people involved, so that they can take immediate action. 

ut we do have arrangements for getting our top authorities, Mr. 
Parker and others, together, so that they can appraise the situation 
and make the decisions which are required on the spot. 

Representative Hosmer. Do you go through this thing in a kind of 
mental exercise and imagine potential casualties and say would we 
take this risk and not take this one? 

Mr. Hearty. We do practice. 

Representative Hosmer. I don’t want you to give us the feeling that 
you do this extensively or that you do not. I have a feeling from 
what you said eaniemale that you really have this worked out. I don’t 


think it might be quite as well worked out as you have indicated. 
Mr. Hearty. We have practices on the plant, Mr. Hosmer. These 

occur several times a year, usually, in which hypothetical situations 

are set up for people to practice and make decisions so that we can re- 
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view them later to see how well the thing went. We, of course, at the 
same time have people who are familiar with the effects of radiation 
on people, so that they can make a decision to take certain action under 
given conditions. This is a very difficult subject, really. 

Representative Hosmer. Yes; it is. It is a question of who is going 
to do it, too. I imagine if we had any real emergency, it would have 
to be done by Mr. Parker or yourself. 

Mr. Heaty. I am sure this would have to be a voluntary action. 

Representative Hosmer. We did not have anything on the record 
in that respect, and I wanted to get a little in. Thank you, Mr. Chair- 
man. 

Representative Horrrrecp. Is General Electric satisfied with the 
methods and procedures which are being used by FRC to set up these 
radiation guides? 

Mr. Heaty. I think it is a little soon to answer that question, par- 
ticularly for the General Electric Co., Mr. Holifield. We received a 
copy of the report about a week ago and have had no chance to see how 
it will be applied and put into action. 

Representative Hoxirretp. Would you feel more satisfied if there 
were an industry representative who was familiar with the procedures 
of production and the problems of handling personnel on that Council. 

Mr. Hearty. This a rather difficult one to answer at the moment. 
The first report put out by the Federal Radiation Council essentially 
accepted the NCRP limits and incorporated them. These are the 
limits we have operated under for a number of years and have found 
them to be quite acceptable. So I don’t think we can have any great 
objection to the specific numbers which they have come up with in their 
first report. 

Representative Hortrrerp. Have you had any particular trouble 
with labor groups in the enforcement of standards or protective tech- 
niques ? 

Mr. Hearty. My particular work at Hanford is more on the research 
end so that I am not well qualified to answer this. To the best of my 
knowledge we have had no serious trouble. It seems that our people 
have accepted the radiation, and we do make an effort—that is, they 
have accepted the radiation limits—to educate them on the effects of 
radiation and the proper ways of protecting themselves. 

Representative Hoxirreip. So there is no feeling of alarm or dis- 
satisfaction on their part as to the safety of their environment? 

Mr. Heary. To the best of my knowledge there is not. But I must 
disqualify myself to some extent on this question, 

Representative Hoxirrecp. Mr. Hollister. 

Mr. Houtister. Mr. Chairman, I would like to question Mr. Healy 
a little bit about his statement on pages 7 and 8, primarily because he 
seems to me perhaps the first witness that has taken on this rather 
difficult general question of progress versus safety. 

Representative Hotrrreip. Proceed, please. 

Mr. Hoxtisrer. The first question 1 would like to ask you, Mr. 
Healy, is this: These general questions that you have listed on page 8, 
would you consider these to be questions that the people setting basic 
radiation protection limits fos, consider or siveaad ba considering ? 

Mr. Heaty. Mr. Hollister, in writing this material I found myself 

58454—60—19 
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in a much better position to ask questions than to answer questions, 
because these are very difficult. I feel rather strongly that before we 
can get answers to these questions we must ask the proper questions. 
I think that these are questions which could perhaps be reviewed by 
the people themselves. It involves not only those setting the limits, 
but the ones who are going to follow the limits and ask themselves 
questions of this nature in order to come up with some answers which 
perhaps the scientific people could then apply in deriving the limits. 

Mr. Houutsrer. We would be in a difficult position, would you not 
agree, if the people setting the limits did not give some consideration 
to these questions. 

Mr. Hearty. Absolutely they must. 

Mr. Hotiisrer. For example, Dr. Russell Morgan’s testimony dis- 
cussed the matter of how one might apply maximum permissible limits 
to the question of levels in milk. If it turns out that the people setting 
the limits never contemplated that they should be applied to milk in 
the first place, we are in difficulty. 

Mr. Heary. I would say this is correct. But at the same time I 
think we can be in difficulty if the general public has not considered 
the levels in milk in their proper perspective in the rest of their lives. 
That is, we live continually from day to day in a risk situation. 

Mr. Hotuistrr. Would it be reasonable to consider a part of the task 
of such groups as NCRP or the Council to include considerations of 
this kind of a question ? 

Mr. Heraty. I believe it would be, Mr. Hollister; yes. 

Mr. Ramey. In that connection, how would they be able to make 
recommendations or judgments, either NCRP or the Federal Radia- 
tion Council, unless they consulted with people that knew something 
about the matter, and have economists or persons who are dealing with 
the actual cost problems? 

Mr. Heary. I don’t quite understand your question, Mr. Ramey. 
T am sorry. 

Mr. Ramey. We have had testimony, and you heard some of it, that 
so far at least the NCRP and the Federal Radiation Council have 
utilized scientists, health physicists, and others, who have developed 
these standards, primarily from a biological standpoint. 

Mr. Heary. That is right. 

Mr. Ramey. Whereas now we are talking about what this is going 
to cost. When you get to that stage, then you have to bring in cer- 
tain other disciplines, do you not? 

Mr. Heary. You have to have information developed by other dis- 
ciplines. I think this is absolutely correct. I believe, however, ulti- 
mately the answer to many of these questions comes not from the 
professional economist. He simply supplies data. 

Mr. Ramey. And a certain amount of judgment on the economics? 

Mr. Heary. A certain amount of judgment. As we indicated, eco- 
nomics is another subject in which your interpretation depends upon 
your basis from which you start. I believe the ultimate answers to 
these questions have to come from the people themselves, and not from 
an economist, not from an industrialist. The question is what level 
of risk are they willing to accept for these particular benefits. The 
difficulty with this, of course, is that we have heard a great deal about 
how we can not define the risk involved. But I would like to point 
out that we have the same difficulty in defining the benefits. We don’t 
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know what they are going to be in many areas. We will not know 
for many years. So we have two uncertainties that we are trying to 
balance against each other, and this resolves itself into a matter of 
judgment of people. 

Mr. Hotutsrer. If the levels are to be used as action levels, or in 
your words control levels, the implication is that an assessment has 
already been made of these questions, perhaps implicitly. Is that 
correct ? 

Mr. Heaty. I believe that an assessment has been made of these 
questions using the judgments of the individuals involved. The value 
of this has been that these have been published, they have been made 
available to the various groups involved, and they have had opportu- 
nity for rebuttal if they “wished. A constant amalgamation of these 
views, I think, will eventually lead to a quite proper set of levels. In 
other words, these levels as set by the NCRP are not only from the 
deliberations of the NCRP but they do get fed back from other groups 
involved, which can be fed into their deliberations. 
mal method of operation of a scientific body. 

Mr. Hoxutsrer. This is true for certain kinds of applications, such 
as normal industrial exposure. 

Mr. Hrary. Yes, sir. 

Mr. Hotiisrer. And for certain kinds of decisions. 

Mr. Heaty. Yes, sir. 

Mr. Houutsrer. You would not say this is true for all types of ex- 
posure and all kinds of decisions ? 

Mr. Heary. No, sir. I believe the NCRP limits originally started 
as occupational limits in the same way that our maximum allowable 
concentrations in industrial hygiene are occupational limits. They 
are still primarily occupational limits with some extension to other 
uses as the needs of the Nation dictated that these considerations be 
given, 

Mr. Ho.uister. From your experience in an operating atomic 
energy plant, supposing the basic dose limits were to go lower by a 
substantial factor below the present NCRP-ICRP recommendations, 
what do you think the plant would do with respect to its present safety 
factors? Would it try to maintain them or would it compromise them 
in order to operate at its present levels? 

Mr. Hearty. I think the situation could differ f om one plant to 
another depending on the particular situations involved, Mr. Hollister. 
I do believe that the bulk of the plants would meet the limits and at- 
tempt to provide exposures which have some safety factor in them. 
The amount of safety factor would vary depending upon the methods 
of measurement available at the time and the ability to see how well 
one can do in approaching the limits. 

Mr. Hotuister. So if the limits were lowered possibly repeatedly, 
there would be some point at which a decision might be made to eat into 
the safety factors rather than to shut down the | plant. 

Mr. Heaty. Yes, I suppose this decision could be made. This de- 
pends upon the interpretation of how much safety factor one feels is 
presently available, or would be available at the time. 

Mr. Ramey. At Hanford, for example, you have quite a good deal 


of room to move, don’t you! Don’t you operate substantialby below 
the NCRP recommendations? 


This is the nor- 
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Mr. Hearty. Our standards are below the NCRP but I would not 
say substantially. We have some values which are lower than the 
NCRP by an amount which we feel is sufficient to take care of our un- 
certainties of measurement. This is for our standards. We do oper- 
ate with only a few people ever approaching the standards. So that 
our overall exposure at Hanford—in other words, the actual exposure 
ee get—is considerably lower on the average than the NCRP 

imits. 

_ Representative Hoirrretp. The committee is aware of the conserva- 
tive way in which you have approached the utilization of these maxi- 
mums and certainly your can of prevention of accidents is very fine. 

Mr. Hearty. Thank you. 

Representative Hotirrerp. You have been handling very dangerous 
materials over the years. I think you are to be commended for taking 
the more conservative approach in this field and not pressing the maxi- 
mum. Arethere any further questions ¢ 

Representative Hosmer. Yes, Mr. Chairman. I am just wonder- 
ing—Dr. Wolman testified and talked about a quantitative and qualita- 
tive approach to this. The qualitative being the acceptance of risks 
in the establishment of these standards, and you have talked about it 
and so many other witnesses have talked about it, and assumed that you 
were doing that. I am just wondering if you are not actually working 
on what he called the qualitative standard and actually your aim is 
no accident at all in the way you operate. 

Mr. Heaty. Definitely. This is definitely the aim, that there should 
be no accidents. Unfortunately, there have been accidents in the 
atomic energy business—few, I will admit. But I do not think that we 
can ever expect that we will have an absolutely zero record of accidents 
in any endeavor. 

Representative Hosmer. I don’t think he feels that, either. 

Mr. Hearty. That is right. 

Representative Hoxirrevp. I just had a feeling that many of you 
have been talking in terms of acceptance of risk here when you are not 
proceeding in that way and you are mixing up some of your examples. 

Mr. Heaty. Yes. This is the reason I put some words in the first 
part of my testimony on the difference between the standards pro- 
vided to minimize or eliminate accidents as opposed to standards to 
minimize chronic exposure. I believe both types of standards are 
necessary in the atomic energy business. However, I believe that 
they are somewhat different types of standards in methods of deriva- 
tion and in methods of control; in other words, of application. To 
prevent accidents, one uses a resp? polos which has grown up 
over the years. It is not greatly different really in philosophy from 
the prevention of accidents of a normal type in industry. The second 
type of standard, that to minimize chronic exposure, I believe is where 

we talk mostly about the risk principle being a plied. In other words, 
with radiation we are concerned with effects which occur at some very 
long time in the future. For instance, the genetic effects may not show 
up for several generations, so that we have no method of directly 
checking to see how good our standards are. So here we have to apply 
the risk principle on a somewhat different basis, because we can never 
hope to check our standards. Do I clarify that at all? 
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Representative Hosmer. Yes, thank you. 


Representative Hotrrrmip. Thank you very much, Mr. Healy. 
Mr. Hearty. Thank you, Mr. Chairman. 


Representative Horirretp. We will reconvene in this room at 2 
o’clock for the round table on the topic, “Social and Economic Con- 


cepts Underlying Radiation Protection Standards.” The committee is 
adjourned. 


The statement submitted by Dr. A. J. Vander Weyden, Deputy Di- 


rector, Division of Reactor Development, AEC, will be inserted in the 
record at this point. 


I have also a report from the Atomic Industrial Forum, Inc., on a 
recent seminar held in New York. 


(The material referred to follows :) 


STATEMENT OF Dr. A. J. VANDER WEYDEN 


I do not claim for myself, or for the members of the staff of the Division of 
Reactor Development, the technical competence to pass judgment on the level of 
radiation to which people can safely be exposed. Such levels must be established 
by those who are experts in the field of biological effects of radiation and it is 
then for us to design, build, and operate our nuclear facilities to satisfy these 
levels. I would certainly not advocate that radiation protection standards be 
reduced for economic reasons, but conversely, I feel that it would be a serious 
mistake to establish unnecessarily restrictive standards which could impose an 
economic burden that could seriously inhibit the beneficial uses of nuclear 
energy. The purpose of my discussion then is to consider the economic impact of 
possible changes in radiation standards and not to discuss the advisability of 
such changes. 

It is extremely difficult at this stage of the development of the nuclear indus- 
try to make more than qualitative estimates of the cost effect of revision of 
radiation standards. The philosophy which is currently followed by most re- 
actor designers generally incorporates safety factors which should assure that 
the facilities will operate at exposure levels well below the standards to which 
they were designed. If the permissible levels were lowered, but still remained 
within those actually achieved by the current design, no changes would be ab- 
solutely required, since one could operate with smaller factors of safety than 
those which are currently accepted. Such a practice would probably not be wise 
at the current state of our knowledge, and in any event a point would eventu- 
ally be reached where further lowering of permissible levels could not be accom- 
modated within the safety factor of present design. At this point 
changes, with concomitant cost increases, would be necessary. 

The type and magnitude of the changes which would be required would vary 
for each reactor system and possibly for each specific reactor, and it is not 
possible to give meaningful estimates except as a result of a careful engineering 
cost analysis of the specific design under consideration. It is clear, however, 
from a very preliminary study which we have made on pressurize? water sys- 
tems, that decreasing allowable exposure levels would be expected to result in 
increased capital costs for the reactor because it would necessitate additional 
shielding for both operation and maintenance, more complicated and more costly 
equipment for handling irradiated and unirradiated fuel, and waste, and much 
more sensitive and, therefore, more expensive control and monitoring instru- 
mentation needed to detect the lower levels. 

With regard to this last point, it is interesting to note that the techniques 
and instruments available for routine detection and measurement of radio- 
activity are presently operating at or near their lower limits of sensitivity. If 
the acceptable levels are lowered markedly, a major and costly program would 
be necessary to develop rugged reliable instruments and new and better sam- 
pling and measuring techniques to detect the new lower levels. 

The economic impact of lowering the permissible levels of radiation would 
be felt by the nuclear industry, not only in the reactor itself, but also in all 
the activities that support the operation of reactors. Thus, due to shielding 
limitations, the amount of spent fuel that could be shipped in a given shipping 
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container would be less if the allowable radiation from the container were 
decreased. This would, of course, increase the unit cost of returning such 
fuel to the processing plants. Similarly, the activities of the reprocessor would 
be restricted by tighter standards. He would find it more difficult to dispose 
of the gaseous effluent from his processing, he would be required to exercise 
tighter control over his solid and liquid waste disposal procedures, and he 
would need more extensive and sensitive monitoring equipment. All of these 
factors would tend to markedly increase this particular cost item. 

Even processing of unirradiated fuel would suffer if the allowable levels were 
decreased to any great degree. Since airborne dust is the major problem in 
most fuel fabrication, lowering permissible levels would certainly raise prob- 
lems of ventilation which, at some point, could only be solved by use of remote 
handling techniques. The need for such handling techniques could well double, 
or even triple, current costs of fuel fabrication. Cold scrap recovery operations 
could be similarly affected. 

Operating and maintenance costs for reactors and other nuclear facilities are 
quite sensitive to the permissible level. Since it is generally not economically 
feasible to completely decontaminate a piece of equipment prior to maintenance 
operation, the usual practice is to control the exposure of the maintenance men 
by limiting the time they are allowed to work in radiation areas. If allowable 
levels are decreased, the time during which a person can stay in a given radia- 
tion field is decreased and hence more people must be hired to do the same 
job, or a more thorough decontamination job must be done to lower the radia- 
tion level. Either procedure will increase costs. 

Similarly, a decrease in allowable exposure levels would cause an increase 
in operating costs, as differentiated from maintenance costs, since it would be 
necessary either to decontaminate operational areas to a greater degree, or 
limit the exposure of operators by decreasing time on the job. 

A third increase cost could possibly result from the fact that the more com- 
plicated equipment which may be installed to meet lower exposure levels might 
require more highly trained, and therefore more highly paid, operators and 
maintenance personnel. It might also be expected that the more complicated 
equipment would have a greater tendency to fail with the resulting increases 
in cost due to additional maintenance and large stores of spare parts. 

My discussion to this point has centered on the areas where lowering per- 
missible exposure levels would increase the cost of normal operation. Of 
probably even greater economic importance is the point that the hazard analy- 
sis of the maximum credible accident, based on lower, permissible levels of 
exposure, could well dictate very costly standards for such things as integrity 
of containment, size of exclusion areas, and distances from population centers. 
As you know, the problem of site selection and containment integrity is ex- 
tremely critical to the future of the nuclear reactor industry, and a major 
decrease in levels of exposure which are assumed to be acceptable in the event 
of the highly improbable serious nuclear “maximum credible” accident, could 
well have such great economic impact as to introduce a major delay in the 
achievement of economically competitive, generally accepted nuclear power. 

I was asked to comment on the economic effect of changes in the maximum 
permissible exposure level. Since changes could be in either direction, we have 
also made a brief preliminary survey of the effect of major increases in allow- 
able exposure levels, and have concluded that, while there would, of course, 
be some saving in shielding and equipment and possibly in operating and main- 
tenance costs, there would be no major cost reductions by increases in levels 
of a magnitude that we considered as reasonable. 

In conclusion, then, a major decrease in allowable radiation levels could re 
sult in appreciable cost increases which, if they come about, would seriously 
delay the day when nuclear power is a competitive factor in our economy, and 
which would, therefore, increase the development costs which are needed to 
achieve this result. 

If it ean be shown that lower exposure levels are needed to protect the public, 
I would certainly not argue against such changes; but until and unless this is 
shown, I hope the nuclear industry is not saddled with the potentially crippling 
costs which might result from such a change. 


—S. Le ee ae ee 
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AtoMic INDUSTRIAL ForuM, INc.—SEMINAR ON ECONOMIC AND ADMINISTRATIVE 


IMPLICATIONS OF RADIATION PROTECTION STANDARDS AND CRITERIA, May 10, 
1960 





On May 10, 1960, an informal seminar was held at the Atomic Industrial 
Forum headquarters in New York to discuss economic and administrative im- 
plications of radiation protection standards and criteria. A major purpose 
of the meeting was to provide an opportunity for an informal exchange of 
authoritative opinion on the impact of present and proposed exposure limits 
und the effects of these limits and their administration on progress in the 
peacetime atomic energy program. 

The seminar was not designed to cover all aspects of the problem and was 
limited to certain areas of discussion. This report describes the proceedings 
of the seminar in general and does not necessarily represent the opinion of indi- 
vidual participants on all points. 

The following persons participated in the seminar: Steven Brown, National 
Lead Co.: H. H. Dooley, United States Radium Corp.; Abraham Edelmann, Nu- 
clear Science and Engineering Corp.; Jack Healy, General Electric Co., Han- 
ford: S. Allan Lough, AEC Health and Safety Laboratory, New York; William 
MeAdams, General Electric Co.; Bernard B. Smyth, Dow, Lohnes & Albertson; 
Oliver Townsend, New York State Office of Atomic Development; Robert Wells, 
Westinghouse Electric Corp.; and G. Edwin Browns, Jr., Atomic Industrial 
Forum. 

Also invited, as observers, were K. Z. Morgan, Oak Ridge National Labora- 
tory, and Hal Hollister, technical consultant, Joint Committee on Atomic 
Energy. 

Invited, but unable to attend, were Dr. Donald Chadwick, Federal Radiation 
Council; Alex Somerville, General Motors Research Laboratories; and Charles 
F. MacGowan, International Brotherhood of Boilermakers, AFL-CIO. 

In the general opinion of the seminar group, any evaluation of radiation 
exposure levels and their economic impact must, of necessity, be judged on a 
case-by-case basis and overgeneralization should be avoided. At the same time, 
there appeared to be a general consensus among the group on the following 
points, as they emerged from the discussion : 

1. Current exposure levels, as specified by the National Committee on Radia- 
tion Protection and Measurements (NCRP), do not in general present an un- 
reasonable burden to industry in developing the peaceful uses of atomic energy. 
There have been some instances where arbitrary levels set by local authorities, 
departing from generally accepted limits, have caused substantial economic 
burdens and have tended to provide a disincentive for proceeding with peace- 
time atomic development. 

2. A greater problem exists in the interpretation and codification by State 
and Federal authorities of recommendations made by the NCRP and in the 
administrative burdens associated with these standards when incorporated in 
current and proposed regulations. It was suggested that more emphasis be 
placed on delineating the intent of safety requirements and less on the methods 
to be utilized in meeting them. Several participants pointed to the need for 
increased flexibility in administrative procedures so as to insure maximum 
progress consistent with effective control of radiation hazards. 

There was also a general consensus on these related points: 

1. There has been a widespread tendency on the part of the public to place 
undue emphasis on potential radiation hazards in relation to other industrial 
hazards. On the whole, the safety record in the atomic energy field has been 
remarkably good in comparison to that achieved in other industrial activities. 
It was suggested that the National Safety Council might appropriately devote 
more attention to this matter of comparative safety among various industries. 
Publication of their findings would, it was felt, place radiation hazards in 
better perspective. 

2. One of the most pressing needs identified by the seminar participants is 
for a broad scale educational effort throughout industry, labor, Federal, State, 
and local governments, and the public at large, regarding the potential hazards 
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of atomic radiation. It is believed important to relate these potential hazards 
to the benefits to be gained from atomic energy development. Several partici- 
pants cautioned that such an effort should not be attempted on a “crash” basis, 
but should be carried out systematically at all levels over an extended period 
of time. It was argued that such a:program would in the long run be far more 
effective and productive of worker safety than “education by regulation.” 

3. In this connection, participants pointed to the continuing need for profes- 
sional guidance at the working level among those utilizing atomic and other 
sources of radiation, with emphasis on the practical controls required. It was 
believed that this need is most apparent among the growing list of small firms 
and organizations employing radioisotopes. It was noted, in this regard, that 
the American Board of Health Physics has recently taken steps to establish a 
certification procedure for health physicists, 


Economic effects of exposure limits 

In discussions on the economic effects of radiation exposure limits the opinion 
was expressed, as mentioned above, that evaluations must be made on a case-by- 
case basis if they are to prove meaningful. However, it was noted that eco- 
nomic impact—or lack of it—often appears to be directly related to how close 
a user of radiation approaches radiation exposure limits in his day-to-day 
operations. Variations from this rule of thumb appear to depend on the nature 
of the operation and the type of equipment being used. 

For example, comparatively higher levels of exposure are often encountered 
in milling operations and in the chemical reprocessing of reactor fuel. Con- 
versely, many reactor facilities routinely operate at 100 to 300 percent below 
current radiation exposure limits. 

It was also noted that the economic burden of lowering exposure limits tends 
to be greater for smaller companies where radiation protection costs account 
for a higher percentage of total operating budgets and where their limited 
number of operations happen to be afiected by the reduced limits. 

With regard to uranium milling operations, it was noted that the radium 
content of the liquid effluent from ore tailings wastes. when there is no treat- 
ment, ranges from 50 to 1,000 times the radium limits which AEC licensees 
must comply with under provisions of 10 CFR, part 20, and that this presents 
a major control problem, Effluent control now appears to require additional 
processing steps involving significant increases in capital costs, depending in 
size upon the individual plant in question. 

In the case of power reactors, substantial safety margins are provided, both 
through design and conservative operating practice. One estimate showed 
that if current exposure limits were increased 10 times, there would be a 5 
percent decrease in radiation protection costs. If current limits were lowered 
10 times, there would be a 50 percent increase in these costs. It was pointed 
out, in this connection, that, while an increase in cost of a few percent is not 
large in absolute terms, it does represent an important economic factor. 

Some participants noted that moderate changes in existing exposure limits 
present much less of a preblem than arbitrary action by local authorities in 
applying more rigid limits. It was pointed out that this is a continuing problem 
and requires additional education at the State and local level on the nature 
and control of radiation hazards. 

Reference was made to certain radiation exposure limits contained in the 
proposed revision to AEC regulation 10 CFR 20 which in the opinion of some 
participants would cause substantial economic burdens in relation to the poten- 
tial hazards and to the safeguards to be achieved. For example, it was noted 
that the 200 percent reducation in gamma limits has raised certain operational 
problems that could add substantial and unwarranted costs to uranium casting, 
and possibly to other fabricating operations. The reduction in the beta exposure 
limits, it was pointed ont, is apparently not subject to substantiation as neces- 
sary in view of the relatively small hazard involved. It was noted, in this 
regard, that external beta radiation associated with normal uranium processing 
operations, does not have the penetrating characteristics associated with gamma 
radiation. 

While the AEC operations that are currently experiencing the initial effect 
of the reduced beta exposure limits have handled the situation temporarily by 
an extensive rotation of regular plant personnel, it is now apparent that smaller 
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operations will have to design additional shielding into their installations 
initially or carry additional staff to minimize the exposure. These measures 
do not appear to be merited in view of the minor nature of the hazard. 


Administration burdens 


A number of references were made during the course of the discussions to the 
adverse effects of the complex regulatory system which is growing up around 
peacetime development of atomic energy in industry and the universities. Par- 
ticipants voiced doubt as to whether such a complex system is in fact the most 
effective means of achieving radiation protection. 

Of particular concern to some participants is the practice of the State and 
Federal Governments of codifying in detailed regulations the recommendations 
of the NCRP, which are primarily scientific in nature and intended as suggested 
guidelines rather than as absolute rules. This has resulted, in some instances, 
in misapplication of the NCRP recommendations and the establishment of re- 
quirements that cannot be met because adequate instrumentation does not yet 
exist. It was pointed out, in this connection, that even in AEC laboratories 
with the most advanced instrumentation, the NCRP recommendations are used 
more as guides for judgment than they are as rigid standards. 

The National Plectrical Code was cited as an example of a more desirable 
and effective approach to industrial safety control. It was noted that the code 
was developed as the result of field experience and that a high degree of safety 
has been achieved with minimum regulatory action. This is in contrast to the 
field of atomic energy where a complex regulatory system is being established 
before such field experience is obtained. 

Several comments were made that administrative burdens associated with 
radiation protection limits serve, more than the limits themselves, as a disin- 
centive to increased industrial development of the peacetime atom. This appears 
to impose a particular hardship on the small producer who finds little incentive 
to look to atomic energy development and use as a means of diversifying his 
operations in the face of costly and time-consuming administrative requirements. 
This added burden has been sufficient in some instances to discourage entry into 
promising areas of isotope development and potential benefits of some applica- 
tions are not being realized. 

Another administrative burden mentioned is that of recordkeeping, as re- 
quired by existing and proposed regulations. It was recognized that adequate 
records of exposure must be kept on all individuals, but it was felt that over- 
emphasis has been placed on detailed procedure writing and insufficient attention 
given to clarification of intent. 

Here again, the cost of recordkeeping appears to be more of a handicap 
to the smaller firms and in some instances may prove more of an economic 
burden than the cost of physical protection. 


(Thereupon at 12:15 p.m., a recess was taken until 2 p.m., the same 
day.) 
AFTERNOON SESSION 


Representative Hotirretp. The committee will be in order. 
Gentlemen, our subject this afternoon for a roundtable discussion 


is “Social and Economic Concepts Underlying Radiation Protection 
Standards.” 


Most of you gentlemen have heard testimony given before the com- 
mittee heretofore, and while we want to talk on this particular subject 
at this time, if any of you in your capacity as listeners to witnesses 
feel that there is something of importance that should be brought in 
before the roundtable after we have our discussion on the subject 
matter, you will have an opportunity to bring it in and throw it on 
the roundtable for discussion. 

I think we have heard from all of the gentlemen present except Dr. 
Somerville, Dr. Lapp, and Mr. Taylor. We might lead off with Dr, 


ee Dr. Lapp, do you have any statements to make on the subject 
under discussion ? 
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ROUNDTABLE WITNESSES: DR. RUSSELL MORGAN,’ RADIOLOGIST 
IN CHIEF, THE JOHNS HOPKINS UNIVERSITY; W. A. McADAMS,? 
MANAGER, INDUSTRY STANDARDS, GENERAL ELECTRIC CO., 
SCHENECTADY, N.Y.; J. HEALY,” HANFORD LABORATORIES, 
GENERAL ELECTRIC CO.; DR. FRANCIS WEBER,’ CHIEF, DIVI- 
SION OF RADIOLOGICAL HEALTH, U.S. PUBLIC HEALTH SERV- 
ICE; DR. ALEXANDER SOMERVILLE,’ RESEARCH LABORATORY, 
GENERAL MOTORS CORP.; DR. CHARLES R. WILLIAMS,’ ASSIST- 
ANT VICE PRESIDENT, LIBERTY MUTUAL INSURANCE CO.; DR. 
ABEL WOLMAN,’? HEAD, DEPARTMENT OF SANITARY ENGI- 
NEERING AND WATER RESOURCES, THE JOHNS HOPKINS UNI- 
VERSITY; DR. RALPH E. LAPP,‘ NUCLEAR CONSULTANT; 
GEORGE H. R. TAYLOR,’ SECRETARY, STAFF SUBCOMMITTEE ON 
ATOMIC ENERGY AND NATURAL RESOURCES, AFL-CIO 


Dr. Lapp. Mr. Holifield, I am looking for the report of the Federal 
Radiation Council. 

Representative Houirietp. Shall I go to Dr. Somerville ? 

Dr. Lapp. I have it now. 

Representative Hoxirtetp. I thought I would ask you three gentle- 
men to speak first, and then let the w ‘itnesses who have testified follow. 
Please proceed. 


1 Physician, London, Ontario, Canada, Oct. 9, 1911. A.B. 1934, M.D. 1937, University of 
Western Ontario ; came to United States, 1937 ; naturalized 1943 ; intern, Harper Hospital, 
Detroit, 1937-38; resident in pathology, St. Lukes Hospital, Chicago, 1938-40 ; in radiol- 
ogy Univ ersity of Chicago clinics, 1940—42 ; instructor in radiology, University of Chicago, 
1942-48 ; assistant professor of radiology, 1943- 44 ; associate professor, 1946-47 ; professor 
of radiology, Johns Hopkins, since 1947 : radiologist in chief since 1947. 

Senior surgeon commander (U.S. Public Health Service, Washington, 1944-46) ; fellow, 
American College of Radiology ; member, AMA, American Roentgen Ray Society, Radiolog- 
ical Society of North America, American Trudeau Society ; author, ‘““Mass Radiography of 
Chest,” 1945: “Medical Physics” (two chapters), edited by oO. Glasser, 1945; ‘“‘“Handbook 
of Radiology,’’ 1955. 

Home: 4119 Westview Rd., Baltimore, Md. 

2 Biographies appear at beginning of their testimony. 

3’ Received B.S., M.S., and Ph. D. degrees from Northwestern University, majored in 
electrical engineering and minored in physics. Spent 2 years working for Eastman Kodak 
Co. between degrees. Joined the General Motors Corp. research laboratories, in June 
1950, and since 1952 devoted most of energies to work and study in the field of industrial 
radioisotope applications. On Feb. 1, 1955, made supervisor of the General Motors re- 
search laboratories’ radioisotope laboratory. Member of the Atomic Energy Commission's 
Advisory Committee on Isotopes and Radiation Development, and a member of the Michigan 
State Health Department’s Radiation Advisory Committee. 

*Nuclear Science Service, Washington, D.C. Physics, Buffalo, N.Y., Aug. 24, 1917. 
Strong Foundation fellow, Chicago; bachelor of science, 1940; doctor of philosophy 
(physics), 1946. Instructor, Chicago, 1940-41; research associate metallurgical labora- 
tory, Manhattan project, 1943-44; division director, 1944; assistant to laboratory direc- 
tor, 1945; assistant laboratory director, 1946; Argonne National Laboratory, 1946; 
science adviser, General Staff Research and Development Division, U.S. War Department, 
1946—47 ; Deputy Executive Director, Atomic Energy Commission, Joint Research and 
Development Board, 1947-48; Executive Director, 194 9; head, Nuclear Physics Branch, 
Office, National Research, Department of the Navy, 1949-52 ; Director, Nuclear Science 
Service, 1953—; industrial consultant and lecturer, 1953—; assistant, Chicago, 1940-41. 
A.A., physical sociologist, cosmic radiation: meson: bursts; showers; mass spectroscopy ; 
radiological safety; nuclear radiation physics. (From American Men of Science, 1955.) 

5 Born Nov. 8, 1912, Twin Falls, Idaho. Education: 2 years college in Boise, Idaho, 
Junior College. Received associate in arts degree; 3 years University of Virginia, Char- 
lottesville, Va., graduated in 1937 with bachelor of science in English degree. Last 
year at University of Virginia completed about one-third of work toward masters 
degree, but did not go on to finish this work. Employment: 1938-42, director of 
research in statistics, Idaho State Department of Public Assistance; 1942 to February 
1946, U.S. Army Air Force 1946—49, director of research and statisties, Idaho State 
Department of Public Assistance; 1950, manager Red Ledge Mining Corp.; 1951, 
director of research and statistics and accounting, Nevada State Welfare Department; 
1952-54, secretary-treasurer, Idaho, Oregon, Washington Hells Canyon Association ; 1954, 
Washington representative, National Hells Canyon Association ; 1955, legislative assistant 
to Senator Wayne Morse: January to November 1956, head of natural resources depart- 
ment, Democratic National Committee; November 1956 to February 1959, executive di- 
rector, Electric Consumers Information Committee; February 1959 to present, economist, 
Research Department, AFL-CIO, and secretary AFL-CIO Staff Subcommittee on Atomic 
Energy and Natural Resources. 
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Dr. Lapp. I tried to respond to the request that we make some kind 
of analysis of the background material for the development of radia- 
tion protection standards. I have made quite a number of specific 
comments and notes. They are far too many. I would consume far 
more than my appropriate time. So with the permission of the Chair, 
I would like to submit in writing more detailed comments. 

However, I would call to the Cc hair’s attention, I believe it has been 
stated that in this series of hearings that fallout radiation comes 
within the same category as radiation in television. I noticed that 
on page 20 and 21 of the guide 

Mr. Ramey. This is the Federal Radiation Council staff report. 

Dr. Lapp. Yes. 

Mr. Ramey. Their background paper. 

Dr. Larp. Yes. In section 312, the statement is made with respect 
to fallout that the cesium 137 dose would be 53 millirem in 30 years, 
providing there is no resumption of nuclear testing. I believe that 
number is not consistent with the actual values as measured by the 
Argonne National Laboratory. I would like to call to your attention 
the fact that there is a report by Dr. Gustafson on the assessment of 
radiation dose due to fallout in which fallout is given as 8.07 microrads 
per hour where in Chicago there is a total of 19.2 microrads per hour.* 

In terms of per year, the fallout would contribute 70 millirads per 
vear. If we assume that this value is measured over the United 
States, and is the same, and if one were to take the natural background 
as often it is, as 100 millirem per year, then this would mean that the 
fallout is contributing a theoretical maximum of 70 percent. 

The value of 70 percent is still a far cry from values that have been 
published, and values, for example, that the General Advisory Commit- 
tee gave to this committee last year about this time, where they used 
a value of 5 percent. 

Mr. Ramey. You used that figure on the Chicago fallout. Aren’t 
there more extensive figures on ‘fallout than that one that you men- 
tioned ¢ 

Dr. Lapp. I am not aware of any, other than the British data. I 
am not aware of any U.S. measurements that are comparable in pre- 
cision to the very elegant measurements at C hicago. 

Mr. Ramey. Didn't they have an area type sampling? 

Dr. Lapp. I cannot speak about what the Atomic Energy Commis- 
sion has done here. So far as I am aware, the only published data are 
the Chicago data. 

Representative Hotrrrexp. Is there any comment on Dr. Lapp’s 
statement by any member of the panel? Dr. Dunham, this may be 
more in your field. 

Dr. Dunnam. (Atomic Energy Commission). I don’t know that 
I should intrude in these hearings. There is data being developed in a 
—— by Harold Knapp, which pulls together such information as is 

railable, and which includes, of course, “Gustafson’s figures, which is 
alioatty to be made available to the committee. 

Representative Honirietp. Mr. Taylor, do you have anything you 
wish to bring up for discussion which pertains to our subjects? 

Mr. Taytor. Mr. Chairman, I don’t want to repeat what will un- 
doubtedly be included in our testimony which we have not yet delivered 
which will be given to your subcommittee on the 3d of June. There 


\ *Committee note: The 19.2 apparently is a reference to fallout plus natural background 
evel. 
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are, however, two or three points I would like to bring out for the 
benefit of the record here, if I may, which I hope won’t cover altogether 
the same ground as may be in our prepared testimony which Mr. Bie- 
miller will deliver before your committee on Friday. 

As you are undoubtedly aware, we are not attempting to second guess 
the scientific profession in the actual work that goes into the establish- 
ment of radiation standards based on biological effects, either somatic 
or genetic. What we are interested in is the product of the total knowl- 
edge that is brought to bear on the program as reflected in wise regula- 
tions and wise administration for the protection of working people on 
the job, and of the general public. Our chief preoccupation during the 
last year has been in working with the staff of the Atomic Energy Com- 
mission on the amended part 20 regulations. 

Our main field of endeavor and our discussions with the AEC staff 
have been in connection with these part 20 regulations which affect the 
licensed operators which in turn affect individuals who are working 
for the licensed operators on the job where there is exposure to occu- 
pational radiation. The thing that we are particularly interested in 
is access of the worker to his radiation history on a regular basis, post- 
ing of a notice to employees explaining the radiation regulations, the 
degree of exposure that is permissible, the maintenance of the records 
of exposure on a regular basis for reporting the worker’s exposure to 
him, complaint procedures which will enable him to seek justice in 
case there is a basis for such complaint, and a general knowledge of 
his rights and also his responsibilities in terms of working with radia- 
tion in such licensed operations. 

One of the things that will be stressed particularly in our testimony 
is what we believe to be an unnecessary delay in getting these regula- 
tions into effect. We still don’t know what effect the President’s 
Executive order will have on the establishment of the part 20 regula- 
tions in their final form when they are published in the Federal Reg- 
ister. We hope that there will not be this continuation of delay, 
because, as you may recall, it was in 1958, in February, that the Com- 
mission adopted the NCRP occupational exposure standards in their 
own operations. But the NCRP changes still have not been carried 
forward into the licensed operation field. 

If these regulations are not carried into effect until January 1, 1961, 
as we understand is contemplated, there will be a delay of 3 years. 
We think it is too long. 

One final brief word. The philosophy of risk is something that we 
disagree with as brought out in connection with the matter of should 
we lower the threshold of permissible radiation doses and entail X 
amount of additional costs in providing for the protection to workers 
which might stultify the progress of the peaceful nuclear program, or 
should we proceed with a humane attitude toward human beings with 
protection being the ruling criteria, rather than cost. 

I think machinery is not as important as human beings. We re- 
pudiate this philosophy of risk altogether within the above 
connotation. 

Representative Hoxirretp. What is your position or view on having 
a representative of all of the labor organizations sit on the Federal 
Radiation Council ? 

Mr. Tayzor. We will propose that in our testimony on Friday. 
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Representative Hortrretp. Do you feel you can get proper repre- 
sentation on that Council from working groups—subord inate working 
groups—that would make recommendations to the Council? We 
have had testimony to that effect. Dr. Morgan this morning testi- 
fied, and Dr. Chadwick, and there may have been others, that they 
were opposed to having a representative of industry or a representa- 
tive of labor on the Federal Radiation Council. This is permissible 
under the law, and certainly it was within the general intentions of 
Congress to give the President the power to appoint these additional 
public interest group representatives. 

The question, then, would be, do you feel that in order to get proper 
representations and knowledge of the overall problems involved that 
it is necessary to have someone on the Federal Radiation Council. or 
would you be satisfied to have him make the representations to sub- 
ordinate working groups? 

Mr. Taytor. Our proposal, sir, is not that we have a representative 
from labor on the Council itself. The Council itself, we hope, will 
be looked at by the Congress if it accepts proposed amendments to Pub- 
lic Law 86-273, as an action agent, rather than an advisory group, 
the way it is now constituted. That is beside the point. 

You are asking me a specific question on representation. We have 
looked into some of the advisory ups which sometimes meet with 
other Federal agencies, such as the Department of the Interior, the De- 
partment of Agriculture, the Businessmen’s Advisory Committee 
with the Department of Commerce, and find that there is ample 
precedent for having a similar type of advisory group made up of 
the most interested parties from labor, management, the general pub- 
lic, and perhaps the scientific community, if it is not adequately repre- 
sented on the Council itself, to meet at specified times and make rec- 
ommendations to the Council. Those recommendations may or may 
not be followed by the Council, depending on whether they square 
with the Council’s program and policy. 

I don’t believe in laymen being put in the position of making over- 
all Federal policy, but certainly they can advise on policy in terms 
of the broader public interest, and perhaps be represented by Federal 
agencies or people working in colleges and so forth and so on. 

Our proposal will be that such an advisory committee will be estab- 
lished, and we have an additional proposal, which does not, deal spe- 
cifically with the Federal Radiation Council as such, but with a simi- 
lar problem we have had in our day-to-day negotiations with the 
Commission. That is a statutory labor-management advisory com- 
mittee with the Commission. We can work out things like part 20 
where we are dealing all at once and not separately. 


Representative Horrrrerp. I notice in the preprint presentation 
you have the following language: 


One of the reasons for this delay is the method used by the Commission in deal- 
ing with the proposals of organized labor on the one hand and management on 
the other with respect to proposed modifications to the amended part 20 of the 
regulations. At no time did representatives of labor and of management sit 
down with representatives of the Commission staff to diseuss and possibl) 
reconcile the differences on aspects of the proposed regulations. On the other 
hand, we regret to say certain of labor’s proposed changes were apparently 
shown to representatives of management while we have never been given 
the equivalent opportunity to see those of management. 
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I think in fairness to Dr. Chadwick, he did testify that at no time, 
to his knowledge, had they given labor’s proposals to representatives 
of management. 

Mr. Ramey tells me it was Mr. Finan who made that statement. 
If that is so, it will stand corrected in the record. 

My particular point here was that you had no representative of 
labor sitting with the representatives of the Commission staff and 
going into the matter of these regulations. 

Mr. Taytor. No; I am sorry if I conveyed that impression. We 
did have and are still having contact with members of the staff either 
by telephone call or by meetings which have been held at German- 
town and in our office on part 20 and also on Public Law 86-375. 
The point we are making is that those meetings we have held have 
been held with members of the Commission stati, but there have been 
no representatives of industry there. If there had been, the process of 
getting the amendments to part 20 would have been a much shorter 
one. 

Representative Hoxirretp. The Chair is in error. The language 
says you did have to sit down concurrently with management. 

Mr. Tayrtor. No; we were just not around the same table. We 
were in different places. 

Representative Horirietp. Dr. Somerville, we will give you a chance 
to speak. 

Dr. SomervitteE. Thank you. I have a prepared statement. I have 
left copies of this statement with your staif for inclusion in the 
proceedings. 

Representative Hortrretp. We will receive it for the record, of 
course. In this particular discussion we won’t read the full state- 
ment, but if you wish to highlight some of the points, you may. 

Dr. Somervitte. [ would like to excerpt this, if I might. 

Representative Hortrietp. Yes. 

Dr. Somervitte. I represent an industrial user of isotopes. Radio- 
isotope projects conducted in our corporation are making definite 
contributions to improving the quality of goods that we manufacture 
for national defense and for the public. They are also permitting 
us to obtain better control of our products and make better products 
by new methods. They are contributing to our technological under- 
standing of the products and processes which we make and use. 

I define the cost of using radioisotopes as the cost of radiation pro- 
tection plus the cost of compliance with the established rules and 
regulations and existing licensing procedures. 

Using this definition, let us not that this defined cost of using 
radioisotopes is of concern to users, but is not controlling. It is only 
one of several factors considered by a potential user. However, as 
individual Americans interested in the well-being of our Nation, we 
must all be concerned with these costs of using radioactivity. These 
costs do affect the ability of our industry to compete with industries 
in other nations. They affect our ability as a nation to compete tech- 
nologically with other nations and thus they affect our position of 
world leadership. 

I then go on to point out certain things that I question concerning 
the use of rules and regulations and the licensing procedures, noting 
that there is little precedence for some of these things. 
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Toward the end of my statement I have a list of about eight refer- 
ences, all of which refer to work using loose radioactivity in plants in 
the iron and steel industries, to learn something about the process and 
controlling the processes attendant to the making and fabrication of 
iron and steel. 

Of these references which I list, there is no recent U.S. publication 
in this particular field of work. I then list the following conclusions: 

One, the industrial use of radioisotopes is a small but growing 
activity which is vital to our national industrial development. 

Two, the strength of our Nation depends upon the ability of indus- 
try to produce and improve its products and processes. 

Three, the present recommendations of the National Committee on 
Radiation Protection will not seriously retard the industrial use of 
radioisotopes. 

Four, detailed rules and regulations based on these recommendations 
and detailed licensing procedures which lose sight of the fact that 
these are recommendations and not mandates may retard the industrial 
use of radioisotopes in a manner disproportionate to the added safety 
which may or may not be realized through their use. 

Five, laws—and I mean here rules and regulations—which restrict 
industrial activities should be evaluated as carefully as we evaluate 
laws which restrict the liberties of any other groups. 

Six, we must not at this time in history seriously impair the indus- 
trial and technological strength of our Nation by the imposition of un- 
necessary and unwarranted safety standards and requirements. We 
must instead set an example both in safety and in technological prog- 
ress for the world to follow. 

The rest is in the record. 

(The statement referred to follows :) 


STATEMENT BY Dr. A. SOMERVILLE, SUPERVISOR, RADIOISOTOPE LABORATORY, 
GENERAL MoTors RESEARCH LABORATORIES, GENERAL Morors Corp. 


(The statements made herein represent the personal opinions of the author. 
They do not necessarily represent the opinions of the General Motors Corp.) 


I am primarily interested in the industrial uses of radioisotopes. Radio- 
isotope projects conducted in our corporation are making definite contributions 
to improving the quality of goods which we manufacture for national defense 
and for the public. They are also permitting us to obtain better control of our 
products and to make products by new methods. They are contributing to the 
technological understanding of our products and processes. 

Radioisotopes have a definite place in industry. They are essential to the 
healthy technological growth of our Nation, to the advancement of our standard 
of living, and to the maintenance of our position of world leadership. 
use them and also use them safely. 

Let us define the cost of using radioisotopes as the cost of radiation protection 
plus the cost of compliance with established rules and regulations and existing 
licensing procedures. Using this definition, let us note that this defined cost of 
using radioisotopes is of concern to users but is not controlling. It is only one 
of several factors considered by a potential user. However, as individual 
Americans interested in the well-being of our Nation, we must all be concerned 
with these costs. These costs do affect the ability of our industry to compete 
with industries in other nations. They affect our ability as a nation to com; ete 
technologically with other nations and, thus, they affect our position of world 
leadership. 

The rate and the extent of growth of the industrial use of radioisotopes are 
highly dependent upon the safety standards we adopt. Our safety standards 
affect the cost of performing the work or making the equipment. They must be 
wisely chosen. Unnecessarily rigid safety standards will prevent development 


We must 
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of many useful devices. Let us consider the simple question of radiation shield- 
ing. The cost of radiation shielding and the limits imposed by it are much 
more severe in the radioisotope field than in the nuclear power field. It takes 
three half value layers of shielding to reduce radiation intensity by seven or 
eight. It may take 100 half value layers of shielding material to shield a 
reactor. Adding three more half value layers to reduce external radiation 
might only add about 5 percent to the reactor shield cost and weight. A com- 
parable radioisotope shield might only involve three half value layers of shield- 
ing. Add another three layers to reduce external radiation and you will more 
than double shield weight. This affects cost. It affects portability and utility. 
It affects the market for industrial devices. Unnecessarily rigid safety stand- 
ards may thus retard our national technological advancement by preventing our 
national use of a worthy tool. 

The necessity to conform with detailed rules and regulations affects the cost 
of using radioisotopes. Recently I have met several times with members of 
the Division of Licensing and Regulation of the Atomic Energy Commission. 
I have examined two drafts of the proposed new rulemaking, part 20, designed 
to introduce the new limits recommended by the National Committee on Radia- 
tion Protection. The Licensing and Regulation people are an intelligent and 
dedicated group, but they are, in my opinion, finding it extremely difficult to 
write detailed rules and regulations which will assure compliance and still not 
prohibit the performance of useful work which could logically be performed 
safely under the new limits recommended by the National Committee on Radia- 
tion Protection. The National Committee on Radiation Protection recognizes 
these difficulties. Dr. Taylor and the National Committee on Radiation Pro- 
tection have emphasized that these are recommendations. They have warned 
against using them as a basis for detailed rules and regulations. Is it wise to 
require by statute that the Atomic Energy Commission write detailed safety 
rules and regulations when this Committee cautions against it? I cannot 
answer the question. I can point out the following, however: 

1. No other major nation has, to my knowledge, written such detailed 
rules and regulations. 

2. The State of New York, which is noted for its detailed rulemaking in 
the industrial health field, has adopted performance-type legislation in the 
radiological health field in their rule No. 38 and has also reported good 
experience with it. 

3. Few States issue detailed rules and regulations in the industrial health 
field. 

4. Industry has repeatedly demonstrated its ability to work out its own 
detailed procedures to protect its employees and the public in the absence 
of detailed rules and regulations. 

Congress should review the experiences with these States as well as the experi- 
ences which the British, French, and others have had with their systems. The 
Atomic Bnergy Commission should then be given more specific guidance in the 
Atomic Energy Act as to the objectives and responsibilities which Congress 
desires the Commission to uadertake in protecting the public and industrial and 
radiation workers. 

Licensing costs money and technical manpower. The licensing question 
should also be seriously examined. I estimate that it takes 2 to 3 man-weeks 
to process a license. It also takes the Atomic Energy Commission time and 
technical manpower. Is the time spent here in the best interest of radiation 
safety and in the best national interest? I have no personal conclusions, but 
I have sufficient doubt concerning this utilization of money, time, and technical 
people to warrant raising this issue. The following observations are pertinent: 

1. The British did not have a licensing procedure when I last checked 
on their distribution system. 

2. There appears to be a growing tendency to rely on the value of a piece 
of paper, or to feel that if Johnny gets a license he can do the job safely. 

3. I know that reliable manufacturers often decide against the use of 
radioisotopes, not because of the safety problems, but because of the redtape 
involved in properly executing license applications and in following detailed 
rules. This results in some well-qualified organizations not entering the 
radioisotope field. 

4. Some of the radioisotopes now listed in the Oak Ridge catalog which 
I must have a license to buy are, based on acceptable permissible limits for 
air contamination, more toxic as chemicals than as radiological materials. 
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I would suggest that the subject matter of licensing byproduct material be 
investigated more thoroughly and that the Atomic Energy Act be amended to 
incorporate more explicit instructions defining specific areas in which licensing 
should and should not be required. 

I would like to call your attention to the appended list of titles of papers 
published during the last few years concerning the in-plant use of loose radio- 
activity, as distinguished from sealed radiation sources, to learn more about 
the processes of making and casting iron and steel. I have chosen this field 
because it is one in which my group is particularly interested. Please note that 
of these references three are Russian, four are Japanese, and one is Canadian. 
Other countries have also performed work in this field, but I know of no recent 
references to work of this nature performed in the United States. I have not 
fully read, or appraised the safety considerations involved in each of these 
studies. I am sure, based upon my knowledge and experience in this field, that 
most of them could be performed safely in a manner consistent with the recom- 
mendations of the National Committee on Radiation Protection. I cite these 
references to show that we are not, despite a tremendous head start, ahead in 
all atomic energy fields. 

In summary I would like to express the following personal views: 

1. The industrial use of radioisotopes is a small but growing activity which 
is vital to our national industrial development. 

2. The strength of our Nation depends upon the ability of industry to produce 
and to improve its products and processes. 

3. The present recommendations of the National Committee on Radiation 
Protection will not seriously retard the industrial use of radioisotopes. 

4. Detailed rules and regulations based on these recommendations and de- 
tailed licensing procedures which lose sight of the fact that these are recom- 
mendations and not mandates may retard the industrial use of radioisotopes 
in a manner disproportionate to the added safety which may, or may not, be 
realized through their use. 

5. Laws which restrict industrial activities should be evaluated as carefully 
as we evaluate laws which restrict the liberties of any other groups. 

6. We must not, at this time in history, seriously impair the industrial and 
technological strentgh of our Nation by the imposition of unnecessary and un- 
warranted safety standards and requirements. We must, instead, set an ex- 
ample both in safety and in technological progress for the world to follow. 


APPENDIX TO STATEMENT BY Dr. A. SOMERVILLE 


1. “Measurement of Moving Velocity of Pyrite Ore in the Rotary Kiln Using 
Radioisotopes.” Sugimura, Ken, and others. Presented at the third Japan 
Conference on Radioisotopes, Tokyo, September 14-16, 1959. 

2. “Determination of Gas Transit Time by the Radioactive Tracer Radon in 
a Driving 1,000-Ton Blast Furnace. Serizawa, Masao, and others. Presented 
at the Third Japan Conference on Radioisotopes, Tokyo, September 14-16, 1959. 

3. “The Use of Radioisotopes for Blast Furnace Operation.” Iijima, H., and 
others. (Journal, Iron and Steel Institute), 45 No. 9: 875-877 table, diagram 
graph, September 1959. 

4. “Measurement of the Wear of Blast Furnace Brick Work With a Radio 
active Isotope.” Tominaga, Arihiro, Takeo Yatsuzuka, and Shiro Shono. Pre- 
ar at the Third Japan Conference on Radioisotopes, Tokyo, September 14-16, 
1959. 

5. “Experience in Using Radioactive Indicators in the Azovstal Metallurgical 
Works,” Skrebtsov, A. M. Zavdskaia Laboratoriia, 24, No. 8: 1088, 1958. 

6. “The Use of Isotope Ca* in Studying the Effect of Ladle Brick on the Im- 
purity of Steel.” Ol’khovskii, I. A., and M. I. Diesperova. Ogneupory, 24 No. 6: 
258-262, inclusive, 1959. 

7. “The Use of Short-Lived Isotopes for Controlling Steel Strip Production 
ae: Kryzhanovskii, V. V., I. I. Safiants, V. A. lanushkovskii, Moscow, 

8. “Radioactive Tracer Study of Steel Surface Defects.” Crosta, J. W. Pro- 
ceedings of the 41st Conference National Openhearth Steel Committee of the 
Iron & Steel Division, AIMB, pp. 193-206. 
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Representative Ho.itrrevp. Is there any comment, gentlemen, on 
what has been said ? 

Dr. Weser. I dislike interrupting for comment until the three 
speakers who have not appeared yet have made their statements, but 
I would like to say that we might be able to cast some light on Dr. 
Lapp’s question in regard to the levels he noted. At the present time 
we have the program of data collation and analysis, one conducted 
in conjunction with other Federal agencies. A copy of one of the 
reports is contained in the preprint. “I believe we do have resources 
for checking on these levels and have furnished to the Federal Radia- 
tion Council, among others certain data collected in that program. 
We would be happy to pursue this question, if you wish, as to the in- 
terpretation of the reported figures. 

This situation is alluded to in the first report. This does not go 
into detail although it touches on the question which Dr. Lapp 
raised. 

Representative Houirtetp. Dr. Lapp is going to submit a presenta- 
tion for the record, and I suggest that you also present comments on 
his presentation for the final written record. 

(Comments referred to appear on p. 329.) 

Dr. Weper. Yes, sir. 

(See appendix 15, p. 787.) 

Representative Hoxtrreip. That will enable both of you to go into 
more detail as to your positions. 

Were there any other points that you wish to bring up at this time? 

Dr. Weser. No, sir; not at the moment. 

Dr. Morean. Mr. Chairman, I have no comment. I just have a 
question to ask Mr. Taylor for clarification. He said, I think, in his 
testimony that he believed that the concept of radiation risk in the 
formulation of radiation standards was unwise, and I wondered if he 
would expand on that. 

Mr. Taytor. I will try to. What we have in mind in opposing this 
sort of concept, is the possible result in public policy whereby the 
costs of undertaking a new and pioneering program are w eighed as 
being heavier than in the necessity of protecting health and. safety 
of workers and the general public. 

Representative Hoxirrerp. You don’t think that concept has been 
expressed to the committee, do you, that it is heavier?’ To my knowl- 
edge it has only been expressed as one of the factors to consider. 

Mr. Taytor. Congressman Holifield, I was just looking over some 
material in the preprint which was submitted by the Commission, 
concerning the comments on part 20 regulations as first promulgated 
in the Federal Register, I think, on May 6 of last year. The AEC 
analyzed the nature of the comments, what they were directed to and 
the positions taken by the interested parties who did comment. Even 
though NCRP, as Dr. Somerville, I believe, brought out, does not as a 
quasi-public scientific group to enforce standards—it merely recom- 
mends, never theless—when the Commission adopts these recommenda- 
tions they have the force of law in the operations of its contractors and 
its licensed operators, depending on what manner they carry them 
into the regulation. 

{ notice in the Commission’s analysis of the positions taken by the 
interested parties responding to the notification i in the Federal Regis- 
ter of part 20 as amended, one of the major points was that more re- 
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strictive standards as proposed would inevitably impede research, 
training, and manufacturing operations and would otherwise inhibit 
the growth and development of the peaceful uses of atomic energy. 

Another area of objection was whether or not it was necessary to 
report to an individual] his radiation history or maintain records of 
it. It seems to me that these two arguments, which I think naturally 
small licensed operators are very cognizant of in terms of their small 
operation and higher overhead costs than a large operation, is to 

cause the Commission to back down on a proposed new set of regula- 
tions in light of scientific knowledge brought to bear on it in the form 
of recommendations from NC RP, the human element is considered 
subordinate to cost. 

I notice here, also, that the Commission says in effect, although it 
does not quite say it bluntly, that these arguments are basically not re- 
flecting the tolerable dose allowed in most of the installations in the 
country, either licensed or contractor. Most of them are below what 
NCRP in 1958 recommended, so that the effect will be on few rather 
than many in terms of the total number of licensed operators, or the 
contractors that are using the Commission’s fissionable materials. 

These arguments are unreal and they pose the sort of thing that has 
been going on for a hundred years or more relating human safety : and 
human welfare on the job against financial costs. I think Dr. Wol- 
man’s testimony, which I read breifly before I came over here, is one 
of the best answers to this that I know of. 

Representative Houirmeip. Your concern, then, is specifically that 
elements of cost should never in any instance be considered as the 
primary factor but that human safety should be considered as the 
primary factor in arriving at the policy ¢ 

Mr. Tartor. Yes. It should be worked out realistic ally in terms 
of the national policy of promoting the peaceful use of atomic energy. 
I don’t think the costs should be placed paramount over the human 
safety involved in this field. 

Representative Hoxtriretp. Dr. Williams, do you have anything to 
say about that ? 

Dr. Witi1aMs. Yes, I would like to say a few things, if I may. 
In the first place, during the several days of hearings in which I have 
participated and heard, there has been a theme running through the 
testimony that in setting these standards there is an attempted bal- 
ance of safe levels against the benefits derived therefrom. 

I have been involved in standards work for some 20 to 25 years in 
the occupational health field, and I must confess that rarely, if ever, 
have I heard such matters discussed in standards meetings. 
Basically, I believe it is the attempt of people who set the standards to 
assess all data that are available, and perhaps unconsciously consider 
questions of balance. But I don’t believe that the standards people 
have faced this issue any more than it has been faced in these hearings 
to date. So far we have been involved in general statements of what 
we balance against what we consider to be safe. I believe that the 
question which has been raised relative to money is a very minor part 
of this problem. I bring to your attention recommendation No. 7 of 
the Federal Radiation Council which says in effect that these guides 
may be exceeded only after the Federal agency having jurisdic tion 
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over the matter has carefully considered the reason for doing so in the 
light of recommendations in this paper. 

I contend that this is avoiding the issue. This is leaving the matter 
up to each individual agency. I am sure that when we have agencies 
like the Air Force which has military reasons for doing things, the 
decimal point may be in another place, let alone having the standard 
being different. 

I had great hopes with the establishment of the Federal Radiation 
Council that we were going to see a policymaking body which was 
going to attempt to answer these questions. I would suggest that the 
answers to Mr. Healy’s questions which were raised this morning could 
well come from a high level body such as the Federal Radiation 
Council. We already have technical groups setting up numbers. 
Certainly the Federal Radiation Council to date is adopting and 
utilizing all of those numbers which are now available. There is no 
reason why this should be different because these numbers have been 
gone over and over and over again, the same general conclusions seem 
to be arrived at. 

One missing fact is, what do we stack these numbers up against? 
We meet this every day in our practice of trying to provide radiation 
protection. What is the other side of the coin? I believe that the 
Federal Radiation Council could do a great service to this country if 
they would face these problems first, rather than going into the num- 
bers which we already have and are using. 

Representative Horrrrecp. You feel that in a sense in No. 7—there 
has been comment on this before in the hearings of course—that the 
language is so ambigious that it would allow thee Federal agency hav- 
ing jurisdiction over the matter to merely state they had carefully con- 
sidered this matter, and they were going beyond the maximum permis- 

sible of the so-called guides notwithstanding the guides? 

Dr. Wrii1aMs. This is the way I interpret this. 

Representative Hottrietp. Do you think that the Federal Radiation 
Council should be an action body, rather than an advisory body, such 
as Mr. Taylor suggested ? 

Dr. Wiutams. No, I don’t. I feel they should be a body which 
could establish the areas in which Federal agencies can operate. 
They have put absolutely no top on this recommendation except the 

judgment of the people who are going to exceed the guides. As I say, 
Mr. Healy’s questions require answering and I can think of no better 
body to answer them than the Federal Radiation Council. 

Representative Horrrreip. Mr. Ramey. 

Mr. Ramey. On the other hand, it has been brought out in the hear- 
ings that the agencies which have regulatory powers, such as AEC, if 
they do exceed these things, are subject to the Administrative Pro- 
cedures Act. So they are supposed to hold hearings. They will 
listen to comment, and so on. Whereas, the Federal Radiation Coun- 
cil, the way it is set up now, if it made these absolutely mandatory, 
it would do so without hearings, without any public representation, 
or Sent of appeal. 

Dr. Wriu1aMs. I don’t see that No. 7 says that anybody has to hold 


any hearings. 
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Mr. Ramey. Implicit in it is that each agency will be operating 
under its own statutory authority. I think that is stated in some 
other place. In exercising its statutory powers, it was explained to 
us that they will take into account this guide and they could only 
exceed it when they decided that they had good reasons. We went 
into the question of whether or not practically or legally they would 
have to make findings. Practically, I think a number of members 
and others thought that they would have to follow these pretty well, 
or at least talk to the Council about them as a practical matter before 
they would exceed them. 

Dr. WrtuiaMs. Let us leave the Atomic Energy Commission out 
of this. I think they have the one good procedural method for han- 
dling this problem. Is this same true of the Department of Defense 
and all of its agencies? 

Mr. Ramey. I think that is a good question. I think that is one of 
the things we will want to find out a little more about. I think we 
have a witness tomorrow who will discuss the Department of Defense 
situation to some extent. I believe Dr. Tompkins will. 

Representative Horirrevp. I think you have hit on a very impor- 
tant part there, because in the adoption of rules and regulations in 
the Defense Department, which pertain to military personnel, I can 
hardly conceive of the Defense Department being answerable under 
the Administrative Procedures Act. However, AEC would and 
HEW or any other regular civilian body that is engaged in regulatory 

ractices either would or should be. I know of one agency, the Home 

an Bank Board, which denies that it should come under the Ad- 
ministrative Procedures Act on certain matters. Congress tried to 
change that in 1954 and apparently they were not successful in mak- 
ing the changes they thought they made. As far as I know any other 
agency in the Government, except the Defense Department, would 
come under the Administrative Procedures Act. 

Mr. McAdams, do you have any comment to make on this topic? 

Mr. McApams. Mr. Chairman, I would like to come back to some 
of the things which I think I understood Mr. Taylor to say. He 
seems to be somewhat worried about a number of preprint state- 
ments which are a little pessimistic about the cost picture with re- 
spect to research and development of the atomic industry. I don’t 
believe that costs should ever be a paramount problem in this whole 
picture. I do think that you have to face this thing practically, and 
you have to realize that if the limits are lowered to a very low level 
that it is possible that you may set back some of the developments in 
the field by some length of time. 

Now, this does not mean that industry would not be willing to 
work to such limits. It simply means that they would have to face 
up to a new problem, and having been given a new limit would then 
strive to work to it. But industry might find it would take them 
some time to develop the right procedures to give the kind of pro- 
tection that was needed. 

Representative Horirtetp. And in all instances we would be talking 
about the guides which were set up for normal procedure and not 
applicable to accidents or misuse of devices. 
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Mr. McApams. That is right. In some cases if the limits were 
substantially lowered, we would have a real problem and might 
actually delay some of the important work in the atomic energy 
field. If it were necessary to lower the limits, we would have to 
face the facts and realize that this might mean a delay. I think 
industry has almost always found ways of recuperating and finding 
better ways of dealing with a problem, but it simply might take time 
to do it. 

Representative Horirreip. Mr. Hollister. 

Mr. Houuisrer. I would like to go back to Dr. Williams for a 
moment and ask, do I understand correctly that you think that the 
basic motion of some sort of balance between benefit and risk or 
between benefit and cost is irrelevant, or do you think it is relevant ? 

Dr. WituiaMs. I believe it is probably relevant to a point. It has, 
however, been overemphasized to a certain degree. I certainly think 
that cost is the least relevant of the things ‘that we are trying to 
balance. If one assumes that any amount of radiation is hazardous, 
then one cannot get away from the risk philosophy. It is a question 
of how much risk is going to be acceptable. 

On the other hand, if one assumes—if you will recall Mr. Parker's 
charts—if the line does not go through zero but that there is some 
small area where no damage is being done, then maybe we don’t 
have to adopt a philosophy of risk. I think this point must be 
settled before starting to worry too much about risk. However, if 
we assume, as the geneticists tell us, that any radiation is hazardous, 
one cannot escape a philosophy of risk. It follows then one must 
establish some kind of ground rules on the other side of the question. 
We have set numbers on one side, but what are the consequences of 
exceeding these numbers. It would be helpful if we knew the con- 
sequences of exposing a population or segment to 10 times an ac- 
cepted level or 20 times this level or 50 times this level. These are 
some of the questions which have to be answered, and I am sure will 
ultimately. 

Mr. Ramey. We have had projections of that, of course. 

Dr. Witu1aMs. That is right. 

Mr. Ramey. That seems to be the most interesting thing we ever 
come up with. They are rather theoretical and speculative and the 
papers like them. 

Dr. Wixu1aMs. This is the point. They are speculative, and they 
need some kind of positive evidence to support them, or modify them. 

Mr. Hoxiisrer. Have you read the letter to the Federal Radiation 
Council which the President signed, in which he quoted paragraph 7? 

Dr. WituraMs. Yes; I read it. 

Mr. Hoxuister. Do you feel, aside from the controversial paragraph 
7, that a policy 1 is stated in the document from which the numbers have 
spr ung forth ¢ 

Dr. WintraMs. A policy has been stated, as near as I can tell, which 
is that we have, first, the stated numbers are guides; second, the de- 
partments or agencies using these guides shall keep as far below them 
as possible. If a department must exceed them the department must 
use reason and good judgment in so doing. 

A third policy, I believe, is that there should be a balance between 
injury and benefit, but we do not have any idea what the balance is. 
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I do not feel that the Federal Radiation Council has told us whether 
we are balancing the numbers against a thousand megawatts of elec- 
trical power or $6 million. I realize that one cannot put numbers on 
benefits. On the other hand, we have to have some ground rules. I 
will repeat—we should have Mr. Healy’s questions and a lot more like 
them answered. 

Mr. Hoxutsrer. Then the answer to my question is that you would 


say that the document does not give a policy that could be taken to be 
the basis of the numbers. 


Dr. WiiuiaMs. I believe this is true. 

Representative Hortrretp. Dr. Weber. 

Representative Hosmer. May I ask him just one other question on 
that? Assuming that the question did come back from the department 
or agency to the Federal Radiation Council, it is going to have to take 
something into consideration. Whatever it would have to take into 
consideration, it could put in words and send back down. 

Dr. Witui1aMs. I hope that this would be true. 

Representative Hosmer. You don’t mean to make a supreme court on 
radiation out of the Federal Radiation Council ? 

Dr. Witi1ams. No; but it would be very helpful if we had some 
ground rules within which to operate. How far is a department going 
to be permitted to go in violation of these numbers without it being 
considered a serious matter? What are we balancing against these 
matters? This is the question. 

Representative Hosmer. That is true. Do you think that any of 
them get very far off as a practical matter ? 

Dr. Wituiams. I don’t know how far we are going to get as a prac- 
tical matter. If this is tr be I think we are w asting our time pursuing 
this subject. However, I don’t think it is true. This is one reason 
why I go along with the idea that a Federal Radiation Council con- 
sisting of the Cabinet officers named, plus some of the other interested 
people can best deal with broad philosophical questions. Here again 
I should be disagreeing with Mr. Taylor. I think on a policymaking 
matter of this sort, labor should have top level representation, and 
so should the public, to answer this kind of question. I don’t believe 
they should become involved in the numbers and the other recom- 
mendations in the present report. But on policy matters such as the 
amount of damage which can be permitted to the American people and 
for what reason, is something that has to be decided at high level. 

Representative Hosmer. I kind of thought of these guides as some- 
thing that screens out 99 out of 100 cases. We took these guides down 
to where there is no chance of getting hurt. Then you don’t have to 
fool around with those administratively. Then the one case in a hun- 
dred that deserves attention, because it is out of the ordinary and would 
be above, you can concentrate on, and really go into. You say in that 
case we don’t know or we don’t have the rules to go by. 

Dr. Wmu1aMs. That is right. 

Representative Hosmer. What we are balancing off and so forth. 

Dr. Witu1aMs. Let us separate these just a little bit. The Pate 
with which we are dealing, as far as industry is concerned, as I said 
the other day, have to my knowledge produced no visible damage of 
any kind. The cases which we have had, the injuries which have 
occurred, have occurred at levels substantially in excess of the levels 
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with which we are dealing or which we are talking about. Where we 
get into trouble is where we start talking about the general population, 
genetic effects, and that last milli-r. This is where we get into trouble. 

Representative Hosmer. Isn’t that the kind of situation which in- 
herently has to be taken up case by case? 

Dr. Wirtu1AMs. Every time a weapon is fired, a new level of activity 
has been introduced to general population. This is where the prob- 
lem should be taken up case by case. I am not concerned nearly as 
much as Mr. Taylor is with the average employee. I think the activity 
has been kept at very low levels. 1 believe the injuries which have 
occurred, as I said, from levels far in excess of the numbers we are 
talking about here. 

Representative Hosmer. I agree with you 100 percent, but I still 
don’t know whether that one case in a hundred is something you can 
establish standardization rules or guidelines for. 

Dr. Wiit1ams. I think one of the problems we are dealing with 
fundamentally here is the question of public confidence in these num- 
bers. The public is not going to have confidence in any numbers where 
one-half of the situation is almost completely undefined. We have 
said to date that the public must have confidence in the people who 
set these numbers. This is all well and good, but we are dealing with 
matters here which are over and above technical problems. We are 
dealing with matters which are in a very broad philosophical area. 
They cannot be brushed off as far as the public is concerned. 

Representative Hosmer. I am not attempting to brush them off. I 
am actually attempting to state that you cannot put them in a routine 
category, and you cannot establish rules that they will fit to because 
they are inherently special cases. 

Dr. Witu1ams. When statements are made like those in this docu- 
ment—that one balances one thing against another—it is meaningless 
unless both sides of the balance are defined. One side of the balance 
has been defined in terms of a group of numbers. The other side 
remains undefined. This is the problem. 

Representative Horirrecp. The language you are referring to is 
that the guides may be exceeded only after the Federal agency having 
jurisdiction over the matter has carefully considered the reason for 
doing so in light of the recommendations in this paper, and this in 
effect is language which allows them to go ahead without approval, 
without hearing, and without any other safeguards which would ordi- 
narily be inherent. It does not even say that the Federal Radiation 
Council has to approve it. The implementing agency just has to 
carefully consider it. 

Dr. Witu1aMs. This is true. 

Representative Horirteip. It permits them to make their detailed 
standards tailored to meet their particular requirements. 

Dr. WrittaMs. I am also objecting to the basic philosophy. This 
is part of it. This is an expression of it. 

Mr. Ramey. Could I follow along this line? Are you not really 
arguing for this theory we discussed of what you would call the allo- 
cation of exposure so far as a population risk is concerned? The 
population standards that you have now, that are put out by 
the guide, set a certain level, and then Dr. Parker outlined how much 
we are being exposed to now by all sources. There is a gap between 
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what the standard is, what the guide says, and what we are receiving. 
You are saying, I think, that when these Federal agencies even 
decide to permit some activity that will increase this population 
exposure level, there ought to be some way of knowing these reasons, 
and more explicit guidance on determining these things. 

For example, weapons testing, or go into the Rover program or 
some program utilizing nuclear rockets where you have more fallout 
from thei, you could do a good deal of that probably within your 
existing standards. But possibly at some time some agency would 
have to raise the standard in order to permit this sort of thing to 
apply to the population as a whole. Is that what you are saying to 
some extent / 

Dr. Witi1aMs. In part. I would like to go into a detail now very 
briefly, and point out to you that we are faced with this problem in 
the reactor business. There has been a lot of discussion of site cri- 
teria. On what basis does one put a reactor in a given place? The 
AEC once tried to develop guides to site selection and the very bland 
set of criteria they developed was completely knocked out by 
objections that they were too restrictive. One of the factors that 
guides the selection of a site is related to what the maximum credible 
accident would do to the population around the plant if there should 
be a release of radioactivity. The whole basis of evaluating this com- 
putation is related to how much radiation this population will be 
permitted to receive. It is impossible today to get an official opinion 
from anybody as to whether this should be done on a man-rem basis, 
or whether as much as 25 rems per person should be permitted on an 
emergency basis. 

We simply do not have anyone who will give us the numbers that 
will permit this kind of calculation. One simply makes the necessary 
assumptions and proceeds with the evaluation. 

Mr. Ramey. This is around a reactor site in the event of an ac- 
cident ? 

Dr. WittraMs. That is right. 

Representative Horrrieip. The recommendation is the low density 
of population should be one of the factors involved ? 

Dr. WititaMs. Yes, sir. 

Representative Hortrreicp. But low density is not calculated nor is 


the factor of growth calculated where low density changes to high 
density. 


Dr. Witu1aMs. That is correct. 

Representative Hottriretp. Yet the reactor is built to stand there 25 
or 30 years. In the meantime population grows up around it unless 
it has enough protective land around it, just like it does around our 
airports. There is no doubt in my mind that our Chantilly Airport 
out in Virginia will be in an unpopulated area for a while, but pretty 
soon it will be densely populated. . 

Dr. Witu1aMs. That is true. 

Representative Hortrreip. The same is true of reactors. 

Representative Hosmer. Dr. Williams, since you pointed out this 
section 7 loophole situation, I would like to ‘alt you if the medical 
doctor situation is not another loophole where we leave it up to the 


Hippocratic oath as to the amount of radiation people will be sub- 
jected to? 
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Dr. Witi1aMs. This is a loophole which is very spotty, I might add. 
In some good hospitals there is very little problem; they are very 
careful. In other hospitals X-ray machines are used far too freely. 

Representative Hosmer. You have advocated some kind of stand- 
ard in connection with section 7. Do you advocate some kind of 
standardization or do we leave them to the medical doctor’s own 
particular interpretation ? 

Dr. Wiiu1aMs. I think they need some education and regulation. 

Mr. Ramey. Did you recommend the other day that you include 
medical radiation within the amounts of radiation that you calculate 
when you do set an overall standard ? 

Dr. Wiiurams. Absolutely. As far as the individual is concerned, 
not the other way around. There would be no radiation used in 
medicine if the NCRP numbers were applied to the patient. I am 
talking about the other way around—the inclusion of medical expo- 
sures in an individual's calculated dose. 

Representative Horirretp. Dr. Lapp. 

Dr. Lapr. This question of balancing risks and benefits involves a 
lot of knife edges for the balances, because of the fact that you have 
four different categories of radiation. In terms of first importance is 
the medical exposure; secondly the background which is unavoidable 
for most people; third, the fallout; fourth is the occupational. We 
have been talking for almost an hour on the occupational, which is 
No. 4 in terms of the actual man-rem dose in the United States. So 
in terms of what we can do something about, you have three different 

categories here. On two of them, the first two, you have the problem 
of total population, not just the people close to occupational hazards. 

I think in reviewing the Federal Radiation Council document, one 
of the things that struck me is that they said nothing about the con- 
trols to be imposed upon the medical profession. I differ with some 
of the witnesses who have appeared here who seem in my opinion to 
be complacent about the degree to which the medical profession will 
police itself. They have h: d 4 years to clean up some of the excesses 
in medical exposure, and I do not think they are being cleaned up fast 
enough. I think there is some improvement. I believe if you were 
to take a survey—and I would like to see that recommended by the 
Council—in the medical exposures you would find that there are many 
excesses. I think you would also find that the majority of the medic ‘al 
profession using X-rays does not understand the dosage that is in- 
volved. I believe you would find that the majority of the machines 
are not calibrated, and that the doctor does not understand the dose 
rate of his machine. 

Representative Hortrretp. This is an area, of course, where only 
State regulation applies. It is not under the jurisdiction of the AKC 
or the Public Health Service, but nevertheless adds to the problem 
we are talking about, which is the overali dose. 

Dr. Lave. I believe Dr. Morgan this morning talked of the exposure 
of women in the third trimester of pregnancy. It happens that he 
comes from a very fine installation, Johns Hopkins. He said that 
the exposure of women there has been reduced to the vanishing point. 
I believe you will find there are many hospitals and clinics in the 
United States in which the X-raying of women is routine. In fact, 
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women are not even asked if they are pregnant w hen they are X-rayed. 
I believe this happens in Washington, D.C., too. 

Representative Hosmer. Let us not forget about that fifth category. 
Dr. Lapp mentioned four of them. But we had the television set put 
in the same category as fallout. I think we should probably do a lit- 
tle worrying about that. I have not yet heard anybody marching on 
the Capitol to ban the television hazard. 

Dr. Lapp. I think that would come under “occupational” hazards. 

Representative Hosmer. Recreational. 

Representative Hotiriecp. Dr. Weber. 

Dr. Wener. I raised my hand earlier, Mr. Chairman, in connection 
with the discussion of recommendation 7. It seems to me that in order 
to put that recommendation in perspective we need to look at what ap- 
pears to me on reading the Presidential memorandum, that the key 
statement in the document is found on page 4 4, “Basic Biologic al As- 
sumptions.” I can read it if you don’t all hav e it available to you. It 
is a short paragraph, and I would like to do so. This states that— 


There are insufficient data to provide a firm basis for evaluating radiation ef- 
fects for all types and levels of radiation. There is particular uncertainty with 
respect to the biological effects of very low doses and low dose rates. It is not 
prudent, therefore, to assume that there is a level of radiation exposure below 
which there is absolute certainty that no effect may occur. This consideration 
in addition to the adoption of the conservative level of a linear relation between 
biological effect and the amount of dose determines our basic approach to the 
formulation of radiation protection guides. 

It occurs to me that this principle governs all the recommendations 
which follow. At the same time it represents the conclusion derived 
from the nine premises preceding it in this document. So I think its 
significance consists of this, that we have here a statement of the es- 
sential philosophical basis of why these radiation protection guides are 
established, and that the Federal agencies would be expected to con- 
form to this in effecting any of the recommendations. 

The practical administrative problem at the moment appears to 
be one, however, of how this is implemented. One of the questions 
raised here, at least by inference or implication, would suggest that 
perhaps amounts of radiation should be budgeted for particular types 
of activities. I don’t think that this would be a good way to approach 
it. Let us say, if a budget for permitted exposure were to be estab- 
lished for the total of X- ray usage in the United States, or the total 
of defense activities, we might fear, ¢ ‘ertainly if there remains a margin 
between exposure from extant activities and what could be reached, 
this might unconsciously represent an encouragement to live up to the 
limits of the budget ceiling. So it would seem to me that rather good 
sense has been exhibited in the present procedure which seems to be 
one of considering the individual sources in their own right, and ac- 
companied by an evaluation of the force of any particular contribution 
to the total picture of permissible exposure, if we still can use that 
term. 

I do not think that so far we have given this particular statement 
of philosophy the attention it probably deserves, because at least as 
a public health administrator I consider it the basic part of this 
document. 

Representative Hotiriecp. Mr. Hollister. 
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Mr. Hotuisrer. I am not clear, first of all, Dr. Weber, on what your 
feeling is about the basic philosophy of allocating exposure. Do you 
feel that the guides in the memorandum signed by the President. are 
numbers which should be allocated among a variety of uses, and for 
a variety of decisions, or do you feel that they are for a specific set 
of uses and a specific set of decisions? 

Dr. Wezer. To me they indicate the total exposure—the total level 
of exposure, rather—which we would hope not to meet or exceed. 

Mr. Hoxutster. Doing what? 

Dr. Weser. Beg pardon ¢ 

Mr. Hotutster. Through the combination of sources that are cov- 
ered in this particular document? 

Mr. Ramey. It is not entirely clear as to what the combinations are. 

Dr. Weser. I believe the plans of the Federal Radiation Council, 
and I can only speak from a distance, though a relatively close dis- 
tance, are to examine the variety of the special sources in addition to 
the general sources which we have considered thus far. I believe the 
fact that there is another working group that is inspecting the situa- 
tion with respect to radioactive materials that are ingested by a popu- 
lation was referred to earlier in the hearings. So at least I am hopeful 
that as the work of the group proceeds, that we will add to our know!l- 
edge of the use of these sources and the probable exposures that are 
resulti ing therefrom. 

I feel at the moment it is a little too early to give specific answers 
on these things. Moreover, tomorrow we do have a day in which the 
practical applications and the implications of these practical appli- 
cations are to be gone into in some detail. 

Mr. Ramey. We have here in the guide, though, a population level. 
You would have to say, then, what are the sources that relates to. I 
think there is some reference to peacetime applications or something 
like that. Then the question, of course, that we are going to ask Mr. 
Flemming, I suppose, as Chairman of the Federal Radiation Council, 
is, what are the peacetime applications this applies to? This is a 
legal question, and it is also an administrative and common sense 
question as to what these things relate to. 

Dr. Weser. Yes, and I believe it is quite a proper question at this 
time. 

Mr. Hotutsrer. And also what kinds of decisions do the guides 
relate to. The thing that bothers me about the discussion is that I 
don’t see how you can argue on the one hand that the guides repre- 
sent some sort of a balance, whether it is explicit and precise or im- 
plicit and vague, and then on the other hand, you say you can do with 
these numbers about what you please. The question is, when the peo- 
ple derived the numbers, what decisions did they have in mind. Let 
us assume normal peacetime uses means industrial uses. What deci- 
sions do the guides cover? Do they cover releases to the environ- 
ment? Do they cover alleviation of contaminated environment? 
Supposing some industrial waste contaminates an area around the 
reactor? Do we dump food as in the Windscale situation, based on 
these guides? What do we do? 

I am not asking you to answer what we do, but I am asking you to 
say whether or not such questions are relevant. I would take it from 
Dr. Williams’ discussion that you cannot answer these questions from 
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the memorandum, because you can’t tell what the considerations were 
that went into the derivation of these numbers, or what the rationale 
is by which the numbers were derived. If you can’t tell these things, 
I don’t see how you can tell what you do with the numbers after you 
havethem. Iam asking all of this as a question. 

Dr. Weser. I am very glad, if the Chair is still addressing me—— 

Representative Hoxirretp. You remember the trouble I got into the 
other day with a simple question. 

Dr. Wanie. I see that Mr. Hollister can pose equally “simple” ques- 
tions. I believe we would have to study the preprint document and 
all that has transpired here if we were to attempt to formulate an an- 
swer to this comprehensive question. I think such an answer can be 
structured in terms of present understanding, and also in recom- 
mended techniques for solving some of these problems. All these will 
not and cannot at any one time be final answers. That I am certain 
of. Iam equally certain that administrative techniques can be profit- 
ably discussed since these represent the principal practical problems 
at this time. 


As I say, tomorrow we would hope to get more enlightenment on 
that. 

Representative Hotirretp. Dr. Morgan, do you wish to comment? 

Dr. Morean. In answer to Mr. Hollister’s question, I might per- 
haps interject this remark. When the strontium 99 levels of milk 
last year were rising, the National Advisory Committee on Radiation 
of the Public Health Service addressed itself to this problem and 
studied it over a period of some time. 

When one faces a public health problem of this sort, the problem 
must be faced even though the radiation standards which are in- 
volved in the problem may not have been conceived in terms of a 
specific situation. When does one begin to dilute milk supplies with 
milk from uncontaminated sources? When does one introduce de- 
contamination techniques? When does one confiscate milk supplies? 
All are questions which must be faced squarely with value judgments 
to be made after a careful evaluation of risk and benefit. 

These judgments must be the primary responsibility of health au- 
thorities, including the Federal Radiation Council. However, the 
public must also shoulder some responsibility and quickly endorse or 
criticize actions of these authorities if endorsement or criticism is 
indicated. 

In regard to this matter of risk and benefit, I should like to refer 
to some things that Dr. Williams spoke about a few moments ago. 
He made the comment, I think, that in all of his experience in the 
formulation of standards, he had never been aware of an actual bal- 
ancing of risk and benefit ever taking place. I think that the only 
time one consciously looks at benefits and risks is when one has a very 
specific problem like the strontium 90 case last year. When a specific 
problem is not before one, such as is usually the case in the setting 
of radiation standards, philosophical judgments are likely to be re- 
placed to some extent by arbitrary action. Nevertheless, such judg- 
ments, consciously or unconsciously, must be made even though they 
may eventually be subordinated to arbitrary decision. As I indicated 
this morning in discussions of the maximum permissible dose, there 
is no question that a weekly permissible dose of 1 000 roentgens is out 
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of line with all reason as a radiation safety standard; the same is 
true of a weekly dose of 100 roentgens or even a weekly dose of 10 
roentgens. Under these circumstances, benefit would not balance 
risk except under certain exceptional siutations such as those which 
prevail in the case of a congenital heart patient who faces almost 
certain death unless he has a series of X-ray films which may deliver 
50 roentgens to him. As one proceeds to a weekly dose of one roent- 
gen or one-tenth of a roensgen, one finally comes to a radiation 
level which is relatively safe. But philosophical judgment can apply 
only so far in the formulation of radiation standards at these levels. 
Ultimately, the safe operating level must be set as an arbitrary judg- 
ment, allowed to operate in society for a period of time, and then if 
it does not create any particular health hazard, it is retained. But 
notice that risk and benefit were balanced all down the line before a 
level was reached which became the basis of a safety standard. 

Now, at the radiation limit, which has been specified up to now in 
the standards of the NCRP and followed by the Federal Radiation 
Council, no significant amount of damage is occurring to the popula- 
tion as far as it can be detected. Hence, there is a general satisfaction 
among the scientific community at least with these standards. 

Representative Howtrtevp. May I revert to the concern you had 
with the strontium 90 in milk last year and ask you if the amounts 
involved there were substantially less than the iodine radiation in the 
milk of the Windscale milkshed area ? 

Dr. Morean. Mr. Chairman, I can’t give you exact data on this 
point. Maybe there are some others on the panel that can. Dr. Lapp, 
do you have any comparative numbers of the iodine 131 in the Wind- 
scale incident relative to the strontium 90 levels? 

Dr. Lapp. I don’t like to compare the two, because they are different 
hazards. 

Representative Hoiirrecp. They are both internal emitters. 

Dr. Lapp. Yes. 

Representative Honirtetp. The one is iodine and the other is 
strontium 90. 

Dr. Lapp. Yes; but all we can compare is the radiation dose and in 
one case we are dealing with the thyroid and the other case the bone. 
One could compare if the data were available, the Windscale expe- 
rience with the experience in the so-called hotspots. However, you 
need to define that hot word in the United States. I do not have the 
data on the hotspots of iodine. There are some data available but it 
is difficult to appraise. Is Dr, Lewis going to be here to testify ? 

Representative Hotirretp. He has testified once. 

Dr. Lapp. Will he be here again ? 

Representative Ho tirtexp. I don’t think he is on the list again. 

Dr. Lapp. He could testify on that point. 

Representative Hoxirrerp. Let me follow through on that point. 
You were concerned, and then the curve went down after a while. 

Dr. Morean. Yes. 

Representative Ho.irtetp. Had it continued to go up, the problem 
would have become more urgent. You would have had to have found 
a solution. I assume when the curve went down that you did not set 
any standards for the future in case we had a similar incident, and it 
kept going up. Am I right in that statement? 
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Dr. Moraan. Yes. 

Representative Ho.irieip. In other words, since the problem for the 
time being had subsided, we conveniently put it anita. and we will 
wait for the next emergency. Is that true? 

Dr. Morcan. Fortunately, it is not as bad as that. 

Representative Hortrtetp. How bad is it? 

Dr. Morean. This situation developed, as you recall, with the spring 
rains of 1959. The advisory committee looked at this problem and 
got only so far. It happened that I was leaving the country for the 
summer and so Dr. Chadwick and I together worked out a procedure 
which the Surgeon General might follow if the levels continued to 
go up. This was the basis of it. The maximum permissible concen- 
tration established by the NCRP was regarded as a minimum action 
point. Up until that point was reached, a certain degree of action 
was called upon by the Surgeon General. 

Representative ‘Houirretp. Was there any consideration of the eco- 
nomic factor that would be involved in dumping the milk at that point 
when you set that level, or did you set that strictly on the basis of pide: 
sible human damage? 

Dr. Morcan. We did not plan at that time to dump any milk if the 
maximum permissible concentration were exceeded. We felt the 
level would have to rise substantially higher than that for such action 
to be taken. The maximum permissible concentration was not likely 
to be exceeded for very long, since weapons testing had been stopped. 
Hence the dose received by the population from radioactive contamina- 
tion of milk was likely to be Sally a very small fraction of the dose 
permitted for workers in atomic industry. Since such doses have not 
produced detectable disease in these w orkers, the temporary contami- 
nation of milk supplies from fallout did not seem dangerous enough 
for milk confiscation even though the so-called maximum permissible 
concentration was approached. 

This is a good example of how one must act decisively when one is 
faced with a specific public health problem. One studies the problem 
scientifically. Brings the best judgment one can, to bear on the prob- 
lem and then dev elop a code of procedure. 

If there should be another incident of this sort, or another set of 
circumstances of similar nature, one would naturally take off from 
the point at which it was left. Fortunately it was not necessary to 
follow the set of procedures which were prepared for the Surgeon 
General. 

Mr. Ramey. What standard did the NCRP have that you applied ? 

Dr. Morcan. It wasthe one preceding the recent change. 

Mr. Ramey. It was lowered, was it not ? 

Dr. Morcan. It was lower at that time. 

Mr. Ramey. What is that? 

Dr. Morgan. You mean it was lowered as far as the population 
dose is concerned ? 

Mr. Ramey. Yes. Didn’t they adopt the ICRP standard ? 

Dr. Morean. Yes. I misunderstood what you had in mind. It was 
essentially the ICRP level with which we were concerned. As you 
will recall, it was the ICRP population dose which was being closely 
approached. 
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Mr. Ramey. It might have been a little different if you had it at the 
ICRP standard at that time, and you had to go through this decision- 
making or action deciding sort of thing. You would have been right 
at it. 

Dr. Morgan. Yes. These decisions, of course, are never the same 
when they are faced twice, because of changes in both scientific evi- 
dence and in philosophy. I can see situations developing in wartime, 
let us say, where these standards might look quite different. 

Mr. Ramey. That was the statement made in our nuclear war hear- 
ings last year. 

Representative Hortrretp. Mr. Taylor. 

Mr. Faytor. Congressman, there are two or three points that have 
been brought up during the course of discussion, and if I may, I would 
like to comment briefly on them, Dr. Morgan has placed a rather 
heavy responsibility on the public to maintain its part of the load in 
the field of risk from radiation. I think one of the things that should 
be brought out in response to this statement is that the main problem 
before the public can debate things intelligently is adequate knowledge 
on the part of the public. I think this is one thing that has been lack- 
ing up tonow. Matters have been more or less compartmentalized in 
the Commission, in the scientific community, in documents such as the 
preprint, for example, which will never get general circulation. 
Stories in the press will cover only “significant” points in the minds 
of reporters who may or may not be competent to determine what is 
the most significant part. I think the problem of educating the pub- 
lic to assume the responsibility that Dr. Morgan suggests 1s a bigger 
job than has been done now. 

Representative Hourrievp. I think it is true. I think we would be 
naive if we thought that the public were going to be able to exercise 
value judgments in this complicated field. What we would hope would 
be that those responsible setting the regulations and enforcing 
them would be intelligent in the field, and protect the public just as 
we expect the specialists to protect our public in the water supply. 
I know very little about the water that comes up through the tap in my 
house. I am relying completely on specialists to take care of that. 
The main thing is to have a widespread and accurate knowledge among 
the specialists. 

Mr. Taytor. That is true. You would have the right to say to an 
electrician, put in safe wires. This is the value judgment that the 
public can make, not necessarily on the technical aspect, but the pub- 
lic policy should be adopted so that the goals of the safe radiation 
program can be achieved. I think this is a proper area for public 
debate even though nobody, with the exception of a few specialists, 
may know everything that has been learned. 

SEO Ho.trrevp. We hope that is what is happening 
today. 

Mr. Taytor. Anybody will argue on anything without sufficient 
knowledge. But this is something that scares most everybody unless 
they do have broader understanding which I think is still necessary. 
There are just a couple of other things that I will comment on as 
long as I have hold of the microphone. 

First of all, Dr. Williams brought out the curious lack of adminis- 
trative procedures in the work which went into the issuance of the 
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Federal Radiation Council’s recommendations and the President’s 
Executive order establishing them as the guidance for the Federal 
agencies involved. Our own experience in terms of the general dis- 
cussion which has gone on whether or not labor and management and 
other public groups should have some kind of representation on the 
Federal Radiation Council or an advisory committee is something 
I would like to relate briefly. 

The Department of Labor through the Secretary’s designee has a 
man on the Federal Radiation Council. Our first knowledge of the 
imminence of the issuance of the report and recommendations by the 
Federal Radiation Council came in a letter from the designee to me 
about a week after it had already hit the press, together with the 
staff report. Ifthe Secretary of Labor is supposed to in effect speak 
for the working people involved here, he took a rather slow route to 
notify us as to what had already been done and had hit the news- 
papers a week before. This underlines the lack of administrative 
procedure as far as we are concerned. 

We had no part even at arm’s length in understanding or knowin 
just how far they had gotten in terms of preparing this report an 
recommendations until it had already been consummated. 

Representative Horirm.p. I interrupt you for a moment to say that 


the committee wrote in the statutory authority for the Secretary of 
Labor, as you well know. 


Mr. Taytor. Yes, I know that. 

Representative Hottrretp. Labor’s representative has been on our 
steering committee to set up the agenda, as well as other representa- 
tives of outside public interests. 

Mr. Taytor. Evidently the stenographer was pretty busy during 
that time, and we were not kept abreast of the fast breaking develop- 
ments. We were glad to learn from other sources. 

Representative Hosmer. Mr. Chairman, I would like to observe that 
this thread has been weaving through here about outside representa- 
tion and it may apply to these hearings. As far as I know, Mr. Taylor 
is probably the only representative from outside interests—I suppose 
Dr. Williams is—so we have very little outside representation. 

Representative Hotirretp. General Electric is here. 

Representative Hosmer. Their people are both doctors of philoso- 
hy.t. Their testimony is more closely associated to their educational 

ackground than to their employment. 

Representative Ho.irretp. Mr. Somerville is from General Motors. 

Dr. Somrrvitie. I consider myself outside. I also have a Ph. D. 

Representative Hoiitrretp. We won’t hold that against you. We 
have a lot of poeple coming before us with Ph. D’s. 

Representative Hosmer. Mr. Chairman, you and I are the only two 
really ignorant people taking part in this. 

Representative Hortrtetp. I will subscribe to that statement. 

Mr. Taytor. There is just one last thing. There was mentioned by 
Dr. Lapp the other sources of manmade and natural background 


radiation in addition to that faced by people on the job. We are quite 
cognizant of that. 





1 Actually not true for any of the General Electric witnesses. 
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One of the things which concerns us and which we intend to call to 
the attention of the Commission is the curious position which the Com- 
mission adopted in its criteria sent out to the various State govern- 
ments in connection with the ground rules for qualifying a State plan 
under Public Law 86-373 to assume regulatory responsibility over 
source byproduct and special nuclear material. In one part of the 
AEC introductory statement it states that an overall State radiation 
program is desirable which, by inference, would include X-ray, particle 
accelerators, radium, et cetera. Then there is a quick disclaimer to 
this. They say that to make this a condition for accepting a State 
plan under Public Law 86-373 is not an appropriate matter for the 
Commission to deal with in establishing the criteria for acceptance of 
State plans. 

Just finishing this thing up in strict logic, it seems to us that before 
a State could be considered as capable of assuming these additional 
responsibilities, which have heretofore been reposed in the Federal 
Government, it should make a showing to the Commission that it is 
handling the problems which, even before the Atomic Energy Act 
was passed, were properly within their constitutional powers to 
handle. 

I think it would be quite difficult logically to assume that if they had 
not already made this showing to the Commission that the Commission 
would want to impose these additional responsibilities. 

Representative Hoxtrretp. Is there any comment on that state- 
ment ? 

Dr. Somervitue. I would like to comment briefly on this problem of 
State control. 

I am a member of the State Health Commissioner’s Radiation Ad- 
visory Committee for the State of Michigan. I know in this State 
they have done quite a bit to try to improve practice in the use of 
X-ray machines. I also know that the State Health Department, at 
least in this State, because of its familiarity with the people in the 
State and the industries in the State, is in a very good position to 
make rather sound judgments concerning the problems of using X-ray 
machines and dispersing isotopes and other sources of ionizing radia- 
tion to other parties just because they have a little closer relationship 
to these other parties. They know the people with whom they are 
dealing. 

I would also like to comment briefly on Mr. Taylor’s point con- 
cerning the adoption of the new proposed NCRP limits in part 20. 

I think that one of the things which has held back the issuance of 
part 20 is this problem of trying to write laws, rules, and regulations, 
around a recommendation. As Dr. Lauriston Taylor and other mem- 
bers of the NCRP have stated, the NCRP recommendations are essen- 
tially guiding information and not originally intended to be incorpo- 
rated in rules and regulations. 

Now I would like to state a rather ridiculous example of a small rule 
or regulation and show how this can in one very small way impede 
progress in the United States. Le 

I represent a central radioisotope activity. We have dealings with 
several different plants. In one particular case over 2 years ago we 
explored, on paper, the possibility of taking some very slightly radio- 
active iron and putting it through a production process to learn some- 
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thing more about the process. The process is used in making a product 
which is quite important to our industry. It is quite important also in 
connection with guidance systems. 

There is one rule here which says that if you have something with 
radioactivity over 10 times the amount in appendix C., you should 



























































































, hang up a sign saying “Radioactive Material” and go through quite 
L a fanfare to do the work. 
: In this particular case the iron would have so little radioactivity in 
> it that, judged on maximum permissible concentrations in the air, it 
e would be toxic as iron before it would be toxic as radioactive material. 
e However, for this test one would have a couple of man-weeks tied up 
f in taking out licenses, informing the State involved, and going 
through all the remaining. 
© Industry is not generally used to this kind of detailed regulation in 
ul the industrial health field, and the decision here was “Let us put it off 
al a while. Let us do some other development jobs rather than do this 
is: very simple test.” 
et he whole experiment could be done in 1 to 114 man-weeks. The 
to paperwork would take longer than the job. 
This is a rather small thing. It is rather unimportant. But you 
vd multiply it by a large multiplication factor and you can see how some 
on rule or regulation, which looks very insignificant, can hurt a whole 
line of things and hold us back in industrial progress without, I don’t 
te- think, contributing very much to safety. 
Representative Hotirretp. How would you solve that problem? I 
of recognize this is a redtape problem. We always run into it on the 
low-margin area. 
\d- Would you arbitrarily set a level considerably higher than that 
ate which would relieve the plant from notifications, or just exactly how 
, of would you handle the problem ? 
, at Dr. Somervitte. I don’t think you could do it by setting levels 
the higher than this or anything of this kind. I think you have to do 
1 to it only by keeping the details out of the regulations. 
ray Mr. Hosmer. What regulations were you inhibited by, State or 
dia- Federal ? 
ship Dr. Somervitie. This happens to be part 20 and part 30. 
are Mr. Hosmer. Wouldn’t that be subject to a section 7 situation? 
Dr. SomervitLe. Pardon ? 
con- Mr. Hosmer. Wouldn’t that be subject to a section 7 situation? 
0. Dr. Somervit.e. I am not familiar with section 7. 
se of Mr. Hosmer. I mean an application under the Administrative Pro- 
jons, cedures Act to the AKC to carve this out. 
nem- Dr. Somervitte. The problem is not one of the regulation pre- 
ssen- venting the work in either case. It is the problem of the redtape 
orpo- to get the work done. The regulation would not prevent the work. 
_ Representative Horirretp. Section 7 would have applied on exceed- 
| rule ing the guides. This apparently was well below the guides. 
npede Dr. Somervitie. Yes. 
Representative Hotirrevp. But under the AEC regulations. 
; with Dr. Somervitte. That is right. 
go we Mr. Ramey. The general procedure used in the AEC and other 





regulations is certain general licensing requirements where they state 
that for certain types of material or certain levels of radioactivity 
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they hereby generally license you so you don’t have to get into too 
specific approval. 

Dr. Somervitie. In this particular case the total quantity exceeded 
enerally licensed quantities, but the amount of activity per unit of 
iron was so low that the material was toxic as iron. 

I am just citing this as one case where it is not the regulations 
themselves but the redtape that is holding back progress. I think that 
this has to be considered very seriously when one talks about writing 
specific rules and regulations, and I know that it is one of the things 
that is holding back the issuance of part 20, because as one lowers 
the limits it gets much more important as to how exactly one measures 
these radiation exposures. In our case we will shortly have both high- 
energy neutron exposure and low-energy gamma exposures. Low- 
energy gamma radiations are of specific interest because we are devel- 
oping sources of low-energy gamma radiation for the radiography and 
gaging of iron and aluminum. These sources also seem to have con- 
siderable medical application in the future. 

I don’t believe—and I have talked to several people—there is a com- 
mercial film badge made that will short out the neutron exposures 
and low-energy gamma exposures. The dosimetry, how one measures 
radiation, is quite important. This is one of the things that we have 
talked about quite a bit in connection with part 20 because, if this 
becomes a regulation as it was originally conceived, then you have to 
keep track of all these little radiation exposure numbers. The sta- 
tistics on all these little numbers are not very good; they are very 
poor. Yet, if it is a regulation that you have to keep track of these 
numbers, you should know them to within 10 or 20 percent. 

Representative Horirrecp, Particularly when we are dealing with 
noncalibrated instruments. 

Dr. Somervitte. Yes. You have to have good procedures. 

If it is not a regulation, you can still record these numbers, you 
can use these numbers, and they are good guideposts. If they are off 
a little, you will, still, on the average, have very good safety. The 
regulations don’t in that case, I don't think, give you any additional 
safety. You can still use NCRP limits, and we are using them right 
now in spite of the fact that we have, as far as national laws go, the 
old limits in part 20 as they exist. 

Representative Hourrretp. Dr. Lapp. 

Dr. Lapp. I would like to apply Dr. Morgan’s three-point method 
of setting up these standards and applying them to the specific inci- 

dence of St. Louis to show what a novel health problem you have. 

First, he says you arbitrarily set levels. Secondly, you expose these 
and let them operate in society. And, third, if there is no particular 
health hazard, then you more or less go along with it. That, I would 
say, is the estimate, the wait-and-see method. 

Let us apply the wait-and-see method to the St. Louis strontium 
90 contamination of the milk. In that particular case the population 
at risk, I would estimate, is something of the order of 4 million people. 
We go on the basis of the strontium 90 level, which is based ultimately 
upon the radium hazard data to, people who have been exposed to 
radium. We have 400 people or less who have been involved in these 
radium hazards. So you are having a very gross multiplication of 
the total sample involved. As a matter of fact, you would not wait 
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to see because you would have to wait too long to see any damage here 
because of the tank period. So what you do is stick to your arbitrary 
level. 

I think this probably must have been one of the really worrisome 
things. Yet, when you look at the problem, you have just the level 
of strontium 90 in milk, you probably would not want to have used 
that as the sole criterion because your total diet would have been more 
important. 

I think the people of St. Louis would have been better advised to 
drink the milk and avoid cereals, for example. 

Dr. Morgan. The problem of total diet, Dr. Lapp, was included 
in looking at this problem. 

Perhaps the one big factor which influenced the decisions which 
were made here—you are quite right: these did constitute a very 
serious public health problem. The big factor which came into the 
picture was that, in all probability, the length of the exposure, the 
length of time radioactive material was to contaminate milk and other 
food products was limited. As a result, one could take a somewhat 
more liberal attitude under the circumstances. There is no question 
about it. This constituted a very difficult problem. 

Mr. Hotuister. Dr. Lapp, supposing I had been up near the level: 
Iam not clear what you would advocate be done. 

Dr. Larr. I was not advocating. I was pointing out the novel 
nature of the public health problem and the dilemma confronting 
people because, on most public health problems, such as water sup- 
ply, you can wait and see. If the people start dying or getting sick, 
you can do something about it very quickly. But in the case where 
you have to wait for years, it isa different problem. 

Furthermore, the wait-and-see method implies that you can wait 
easily. But it also implies that you can see. I, at the present time, 
don’t believe we are seeing. I believe there is no national, systematic 
method of checking on radiation in the United States. 

When I speak of radiation I am speaking in the broader sense, 

I think there are some isolated studies being made at Argonne on 
radium and water, but I do not believe there is a national program. 
I don’t believe there is any national program for following up on the 
injuries which would be involved in exposure to X-rays, because the 
doctors themselves do not record the exposures. Therefore, if you 
try to solve this problem, you are up against an unknown. 

So I think the wait-and-see method has implicit in it the fact that 
you must see; you must have a means of detecting, measuring, and 
correlating, and this is one huge problem. 

Representative Houirretp. Of course, when you get into the prob- 
lem of genetics, the wait-and-see becomes entirely impossible because 
of the number of generations involved. 

Mr. Healy. 

Mr. Heaty. Mr. Holifield, I would like to comment on several of 
the items in the afternoon, if I may. 

In respect to Dr. Somerville’s discussion on the redtape involved, 
I would like to emphasize Mr. McAdams’ statement this morning that 
the objections to the amendment to CFR 20 were primarily because of 
the detailed method whereby the industry was supposed to do their 
business rather than the limits as recommended by the NCRP. I be- 
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lieve it was indicated in general earlier that there were basic ob- 
jections to the policy of allowing agencies to exceed the NCRP 
limits. 

The statement was made earlier that the agencies may have diffi- 
culty with the statement in the report of the Federal Radiation 
Council balancing and coming to some different number than is given. 
I would like to submit that if the agencies do not generate numbers 
which are different from the ones in the Federal Radiation Coun- 
cil, in certain instances, then they are not doing their job properly. 

I think we must expect that there will be instances where higher 
exposures will be permitted. There are other instances where the 
numbers should probably be lower than those given in the guide. 

I would like to mould what I think was Dr. Williams’ point, that 
the Federal Radiation Council could well provide overall policy 
guidance to the people who are setting the limits, whether it be the 
Federal Radiation Council or the ICRP. The could provide general 
policy guidance rather than detailed numbers, in the Nation’s interest. 

Representative Horirretp. You would make each agency respon- 
sible for its own numbers and responsible for protesting against the 
numbers set ? 

Mr. Hearty. This would be one mechanism, sir. I believe there 
are many mechanisms whereby this could be done. I do believe that 
the Federal Radiation Council’s main job, whether they go on to set 
numbers or not, could well be consideration of overall policy for the 
country. I would like to make one other point which has not been 
discussed here. This is on the matter of terminology. 


We hear a great deal about the risk prin ri I mentioned it this 
i 


morning. I believe at some point we must differentiate what we are 
talking about in the risk principle. We have all sorts of risk prin- 
ciples. We have the risk to the individual, we have the risk to the 
population, we have the risk of accidents. I think that in all cases 
these risks are not all the same, and frequently provide conflicting 
criteria. In other words, there may be times, and there have been 
times in the history of our Nation, where the risk to the individual 
was secondary as compared to the risk to the Nation. 

I believe that some of these same a tan enter into our discus- 
sion of radiation protection standards although they are not always 
clarified. We frequently talk of risk principle and then switch back 
and forth from the risk to the Nation, to the risk to the individual, 
to the risk to the population. 

Representative Horirrevp. I think we discussed, at the beginning 
of the hearings, the desirability of developing a glossary which would 
give uniform understanding of terminology. I think that is a very 
important thing. I am very happy you brought this up in our con- 
cluding session. 

Mr. Heaty. I believe that is all, sir. 

Representative Hoxtrretp. Dr. Weber. 

Mr. Wener. I wonder if I might comment very briefly on some of 
the comments of the panel, especially those concerning the X-ray 
and the followup of radiation injuries. 

A good deal has been said throughout the hearings with regard 
to the biological effects of X-rays. This afternoon it has been pointed 
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out that this is one of the loopholes in the Federal Radiation Council’s 
study. 

I sleoida not conclude that nothing is being done about the X-ray. 
On the contrary, we have already reported in the preprint, and also 
on occasions when we have presented oral testimony, concerning some 
new activities in terms of the followup of the X-ray and its effects. 
Tomorrow we may get an opportunity to say some more about it. 

It must be remembered, as far as the Public Health Service is con- 
cerned, it received its first significant increase in funds this fiscal year, 
with the funds becoming available in September 1959. So we only 
have about 9 months of experience at the present level of support. 
However, in that time it has been possible to expand the efforts in this 
direction. As a matter of fact, within about 10 days there will be a 
report on the study of X-ray practices conducted in Dade County, 
Fla. This will be reported at the American Medical Association an- 
nual meeting. A number of other areas are being studied. In addi- 
tion to that, we have begun to attempt to develop some new economical 
methods by which radiation exposure can be measured and, hence, 
controlled. 

One of the things done within recent months was the development 
of a film-pack method which can go through the mails to dentists and 
be employed in estimating the amount of exposure being delivered 
during the course of dental roentgenography. It is of interest that 
we can conduct this operation for $5 per examination contrasted to 
the cost of a visit to the office on the part of technical personnel, which 
would amount to at least $40. So, these are things that can be done. 

In addition to that, there are other programs, one of them being the 
construction of the new X-ray laboratory in this area, in which re- 
search on X-ray technology, and also training, will be carried out in 
the coming months. 

To speak to Dr. Lapp’s point with regard to the followup of radi- 
ation injuries, I am able to say at this time that we will list tomorrow 
some of the studies begun in this fiscal year in order to follow up 
population groups exposed to radioactivity levels that may induce in- 
juries. One of these population groups is that in the San Juan Valley 
in Colorado and Mexico where about 400 people will be examined for 
the primary purpose of determining the body burden of certain radio- 
isotopes like radium. Therefore, we will be bringing under study 
a group of 400 in contrast to the approximately 40 that Dr. Lapp has 
already mentioned. I will hope that tomorrow we will have some op- 
portunity to go into that. 

Representative Hoxirretp. Tomorrow we will get into the concept 
of practical application, and we should go into more detail on some of 
these matters we mentioned today. 

Mr. Brewer has a question before we conclude. 

Mr. Brewer. I would like to ask Dr. Somerville to discuss a point 
he mentions in his statement submitted for the record. This point 
is also mentioned in various papers in the oy ogee It has to do 
with the economic impact of radiation standards on industrial uses 
and how this relates to competition in the international sense. 

On the first page of your statement, at the bottom, Dr. Somerville, 
you mention the costs that affect the ability of our industry to compete 
with industries in other nations, and then you go into a comparison 
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of the relative impact of standards applied to shielding in the use of 
radioisotopes, and shielding in the use of — reactors, and how 
those impacts compare. Could you discuss that for the record, please? 

Dr. Somervitte. I mentioned briefly that the radiation limits on 
radiation exposure which are adopted, to my mind, affect people using 
radioisotopes to a much larger extent than they affect the atomic 
power industry. This situation arises, I think, because of the relative 
size of the radiation shields required. Take a nuclear reactor shield. 
You add two half-value layers to it to reduce the radiation by three 
or four. That is a lot of shielding material. But it is not much per- 
centagewise to the total reactor shield. 

If you have a small radiation source it is only shielded by three or 
four Lait estes layers of shielding to begin with. If you have to add 
more layers to this, you add a lot to it percentagewise. If it is some- 
thing that must be carried in the hand, to be of utility, this added 
shielding detracts from its utility quite a bit. It also increases the 
cost quite a bit. 

So it is only a few dollars, but the item perhaps only sells for that. 
If added shielding increases the cost quite a bit, it may very much re- 
strict the use of the device. Depending upon what it is, the restric- 
tion on this use may be quite important to all of us, depending upon 
the technological value of the device. 

On our low-energy gamma sources the shielding problems are very 
interesting. I am sure, in some cases, that the demand for portability 
and the demand for use for medical application will probably mean 
that you will want to use less shielding for these sources than you 


would under standard operating procedures or the rules and regula- 
tions perhaps as they exist in the new proposed part 20. Here is a 
case where you are weighing the medical value against the possible 
harm that may come from the radiation. 

Mr. Brewer. Mr. McAdams earlier mentioned the fact that if 
standards were lowered—that is, the limits were lowered—substan- 
tially, the impact on the painting of radium dials on watches, for 


example, might mean that they might have to go to automation in 
certain processes. This would not necessarily eliminate the project, 
but it might set it back. Apply this to the international situation 
and say that some uses of radioisotopes, for example, would be either 
eliminated or retarded. Could you relate that ? 

Dr. Somervitte. In this particular instance we are developing low- 
energy radiography devices. We might not use these devices as a 
nation, and others might. It might put other nations ahead techno- 
logically to use them. 

I think the best thing I can do, with regard to the international 
aspect, is to cite the appendix in which I listed eight references to the 
use of loose radioisotopes in the iron and steel industry. Of these 
three are Russian, four are Japanese, and one is Canadian. 

I think here is a case very definitely where redtape, more than any- 
thing else, is holding back work in this particular field which I have 
chosen. 

I have to ask, Is this good for the United States or isn’t it, as a 
nation ? 

Mr. Brewer. So redtape may be the dominant factor here, but it 
could possibly be the restrictive limits to radiation ? 
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Dr. Somervitte. I think that redtape is the dominant factor here, 
very definitely. 

Representative Horirretp. On the economic part of this material, let 
us say it is an X device that we can market for $10, and, by having 
less shielding on it, it could be developed by Japan or Soviet Russia 
or Czechoslovakia and sold at $6. There is hazard attached to the $6 
device in comparative protection to the $10 device. 

We would be up against a point there of balancing our desire for 
international competition with their disregard for human welfare, 
would we not? 

Dr. Somervitie. This we can’t do. I don’t think we are talking 
about $6 and $10 but about $600 to $1,000. 

Representative Horirreitp. You are not necessarily advocating, if 
hazard is involved in it, that the shielding be decreased ? 

Dr. Somervitie. No; definitely not. 

Representative HoitrreLp. But you are advocating a solution to the 
redtape problem where there is no hazard, comparatively, involved. 

Dr. Somervitte. Here I think—and this is just a personal opinion 
of mine—that the problem perhaps is that the AEC act puts so much 
emphasis on rules and regulations that the AEC naturally feels com- 
pelled to do all it can. It’s just like when my boss tells me to do some- 
thing, I doit. I think that this is the situation here. I wouldn’t be 
surprised but what if we are to eliminate some of this redtape, if we 
feel that this redtape should be reduced, then it may be necessary 
to go back to the act and give the AEC a little additional guidance 
as to how far it should proceed in this direction. 

Representative Horirretp. Are there any further matters? 

Mr. McAdams. 

Mr. McApams. Mr. Chairman, I would like to comment a little bit 
on what Dr. Somerville has said. I agree that we do have some red- 
tape in getting approval to use radioisotopes. But I think we also 
have to remember that the regulatory agencies have a responsibility 
to make sure that people who are getting radiation sources are com- 
petent to use them. 1 think it is in an attempt to assure this com- 
petence that the redtape develops. 

The thing that worries me most in the regulations is not so much 
the redtape but the fact that we tend to be somewhat arbitrary in 
the selection of our rules and regulations, and including some of the 
limits. I think if the limits were reduced because of scientific data, 
there would be no objection on the part of industry to follow these 
recommendations. On the other hand, if the limits were lowered on a 
purely arbitrarly basis, then this would be a different matter. 

In the AEC part 20, as proposed in its revision, there are many 
requirements relating to recordkeeping and to other things which do 
border on redtape. I think these are the things that industry has 
complained about for the most part. I don’t think they have objected 
to following the NCRP limits which are specified there. 

Representative Hotirrecp. Could I ask this question in conclusion 
unless there is something that we have overlooked : 

Does the panel generally agree that experts in economics, political 
science, industrial techniques, labor, and so forth, are necessary in 
establishing and applying radiation standards? 
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Dr. Witt1aMs. I think that we need the kind of assistance you 
have just mentioned in getting at the criteria which I explored at 
the beginning of this discussion. Some sort of feeling for what is 
acceptable in the way of injury to the general public and at what 
level this is acceptable and under what circumstances. I believe that 
the standards themselves must be established basically by technical 
people but with this kind of guidance. 

Representative Hoxirtetp. In other words, people outside of the 
technical experts should have something to say about the acceptability 
of the degree of damage proposed. 

Mr. Wituiams. That is right. 

Representative Horrrrevp. Is there any comment or disagreement 
with that general principle? 

I see none. 

Dr. Lapp. I think there has to be some mechanism for feedback of 
this so-called public appreciation into this policy-determining group. 
I think you have to have a wide diversity of talent. 

Representative Hortrretp. Then we should also keep open the right 
of appeal, the right of hearing, and the right of any aggrieved group 
to at least state their case before competent authorities and before 
authorities that would be obligated to consider them on a judicious 
basis ? 

Mr. Hosmer. I would like to ask Dr. Lapp in that connection: I 
conceive this business of guides as a means of throwing out the cases 
that didn’t deserve thought and attention on a member basis that 
there is not enough significant danger to warrant it. That is the gen- 
eral thing that the Council’s guides and the NCRP’s guides do. Then 
we come into a specific situation: Should this outside brainpower be 
brought into both of those situations or is it obviously sufficient in 
making your general guides to throw out your dangerous cases, to 
leave that up to the experts and then bring the outside evaluators, the 
social scientists and so on, into the special situations where you are 
actually getting into a risk situation ? 

Dr. Lapp. I believe you have several mechanisms here. One would 
be the consultants. 

Mr. Hosmer. I know of the mechanisms. I am asking if those 
mechanisms should apply only to the cases where you are dealing with 
the exceptional situation, the risk situation, and not with the general 
guides that you have established basically to draw the line between 
what is a risk situation or may be a risk situation and one which ob- 
viously is not. 

Dr. Lapp. I would like to see it in both situations. 

Mr. Hosmer. Of what possible value, since it largely is a matter of 
physics and biology and medicine in drawing this line, is it to have 
this extraneous opinion take part ? 

Dr. Lapp. If it were purely a matter of physical science or biological 
science, then I suppose you could say it would be of no value. 

Mr. Hosmer. As a matter of fact, isn’t that what we have proceeded 
on here? 

Dr. Larr. No. We have had a difference of opinion, I believe. I 
think a number of us have stated that in some areas the data do not 
exist. There is an essential arbitrariness. 
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Mr. Hosmer. It is, but it is essentially based on the fact that any- 
thing of this much will not hurt anybody anyway, so we can throw it 
out, so there are no extraneous considerations. Isn’t that essentially 
what happens ¢ 

Dr. Larr. I think we will have to be sure just what our science is 
here and what our ignorance is. I think the areas of ignorance in this 
field are still very high. 

Mr. Hosmer. Yes, that is very true. So the Council and NCRP 
come along and cut the tolerances in half, which is a matter of con- 
servatism. It had no economic consideration in mind. It was purely 
on the physical consideration, was it not? 

Dr. Lapp. I think what is going to have to happen here is that we 
are going to have to have more adequate scientific knowledge and 
technical data in order to base these decisions. Until that time, it 
would be valuable to have some injection of nontechnical advice. Just 
how that would be flavored in here is something I am not prepared to 
state at the present time. 

Mr. Hosmer. We do get into the redtape situation, and I think 
Mr. McAdams was complaining about that. 

Dr. Lave. I am afraid you are going to have redtape in this field. 
This is one of the essentials in order to have regulation. 

Mr. Hosmer. I am certain, as long as it is done by a Government 
body, there will be redtape. I suppose that will be Parkinson’s third 
law. 

Representative Horirrerp. Dr. Somerville seems anxious to wind 
this up. 

Dr. Somervitie. I would say that industry is quite willing to accept 
the National Committee on Radiation Protection’s present limits. I 
didn’t want anything in my testimony to indicate otherwise. 

I would also like to point out that I supervise a radioisotope labora- 
tory. I think one safety problem out of three that I have to worry 
about. involves some other toxic agent other than a radioactive ma- 
terial. Here there are no rules or regulations. There are handbooks 
in the way of guides. For instance, next week we have a project in- 
volving bery llium. That is one of the problems we must worry about 
which is not a radiation problem. There are many other toxic agents 
besides radioactive materials which we have to deal with all the time. 

Representative Horirrmvp. If I understood what Dr. Lapp said, he 
sought the same scrutiny to apply to the standards set within the 
guides as those that might go beyond the guides. 

Mr. Hosmer. The same wide base of examination. 

Dr. Larr. I wanted participation at both levels. 

Representative Horirrer. as called 
to my attention by the staff, and I believe it is pertinent—that Mr. 
Lauriston Taylor on May 24 testified as follows with regard to these 
standards set within the guide embrasure: 





The National Committee on Radiation Protection and Measurements was es- 
tablished in this country in 1929, and working in close parallel with but inde 
pendently of the ICRP. The development of its philosophy and recommenda- 
tions closely parallel those of ICRP and the ICRU. The NCRP has also dealt 
with the total problem of radiation protection, including recommendations based 
on nonscientific finding. Its recommendations involving social and economic 
questions have been taken up largely by default since, up to the last year or so, 
ho other group had given these problems any consideration. 
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So there apparently was this element of lack of knowledge and the 
inclusion of a certain amount of prudent judgment or value judgment, 
as well as the scientific facts involved, in the setting of these guidelines. 

Dr. Larr. I think that up until a very short time ago there was no 
reason for this to be in need of more universal participation in settin 
up the standards, because radiation was not a global or truly nationa 
problem. When it becomes such, I think you have to provide some 
means for allowing information and viewpoints to come in. I think 
that is being done now. We are seeing the injection of this into these 
various considerations. 

Representative Hoxirrretp. We face a growing problem here. The 
more of these isotopes that are distributed and the more reactors that 
are built, the greater our sphere of interest becomes. While Dr. 
Somerville, I think, did point out that in some States they have been 
very alert to this problem, I believe I could point out than in many 
States, possibly 48 States out of the 50, there has not been the interest 
that there has been in the 2. Therefore, there is a great field of 
need because in some of the States there is a total lack of radiological 
protection by statute. 


Thank you very much, gentlemen. I think this has been a ve 


profitable roundtable, and I thank each one of you for your partici- 
pation. 


Tomorrow we will have concepts of practical application, in this 
room. 


The committee is adjourned. 
(The following statements were submitted for the record :) 


COMMENTS ON QUESTIONS IN OUTLINE Topic III-B ON THE SuBJEcT “RADIATION 
PROTECTION CRITERIA AND STANDARDS: THEIR BASIS AND USE,” BY WILLIS 
GALE, PRESIDENT, COMMONWEALTH EDISON Co. 


III-B. CONCEPTS PRIMARILY SOCIAL AND ECONOMIC AND CONCEPTS OF POLICY 


Statement of general policy 


The policy of Commonwealth Edison Co. for Dresden Nuclear Power Station 
is that operation of the plant shall not constitute a hazard to employees, 
inhabitants of the immediate environs, or the population of the general area. 

(1) For hazards other than that of radiation, how—given assumed concepts 
of benefits, risks, and costs—are protection criteria and standards developed? 

Certain minimum standards have been developed by Government agencies, 
but today’s alert management has gone beyond these minimums to provide a 
safe working environment. Through extensive safety education and training, 
and as a last resort by disciplinary action, great strides have been made to 
eliminate work hazards. 

Development of protection criteria and standards today is aided by the Na- 
tional Safety Council, U.S. Department of Labor, and various State health and 
safety agencies, and the American Standards Association. 

The benefits of increased productivity, high employee morale, and reduction 
of costs of liabilities become apparent to industry and are augmented by hu- 
manitarian reasons for increased safety. 

Risks and costs: Benefits, risks, and costs are so closely related that altera- 
tion of any one of the three will have its effects upon the other two. An 
illustration of this point might be the variation in costs as a function of 
changes in risk. If more or greater risks are present, higher cost can be ex- 
pected and will be refiected in insurance premium rates, employee medical costs, 
greater maintenance costs for damaged or excessively worn equipment. 

(2) From a policy and economics point of view, to what extent can experience 
and practice in developing criteria or standards for hazards other than radiation 
be applied to radiation hazards? 
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Previously developed protection criteria and standards for conventional plants 
are applicable also to a nuclear power station since much of the equipment is 
operated in a similar manner. Therefore, a framework is readily available from 
which to extend the additional criteria for radiation protection. Current AEC 
regulations and contemplated revisions were followed in designing the station 
and provide the basis for insuring maximum protection for station personnel 
and the public. 

The attached paper entitled “What Constitutes a Safety Program in a Nuclear 
Power Station,” presented to the National Safety Conference in October 1959 
by our Mr. J. F. Jones, outlines Edison’s safety program for conventional sta- 
tions as adapted to our Dresden Nuclear Power Station. 

(3) What is meant by “philosophy of risk’? Does it apply to both individual 
and population standards? 

A. The electric utility industry has always recognized that there are hazards 
in the generation and handling of its product. Hence, extreme measures have 
been taken to train its employees and educate the public in the safe handling 
and use of electricity. 

The fact that hazards do exist has not prevented the industry from con- 
tinually making innovations in methods of production and distribution. Atomic 
power is the latest of these innovations. 

Commonwealth Edison would not have built and would not operate Dresden 
Nuclear Power Station unless it were convinced it could be done without en- 
dangering its employees and the public. 

Every known safety measure has been incorporated in the designing of the 
plant. Safeguards for the operating personnel of the nuclear plant and for the 
public have been incorporated. 

B. lilustrations of this philosophy are being observed in the world around 
us, wherein individuals and nations apply the principle. Nations take “caleu- 
lated” risks to achieve what is deemed valid goals and ends. More specifically, 
the individual worker and scientist in the nuclear industry assumes an addi- 
tional risk in solving the challenging problems. We exert every effort to the end 
that these risks in our industry are minimized. 

(4) Discuss the applicability of the ‘“graded-risk” or “graded level of action” 
concept. Illustrate. 

Turning to the insurance industry for the purpose of discussion, risks in terms 
of liability are divided into categories dependent upon the frequency of occur- 
rence against which the insured desires protection. Small losses occur on a 
rather fixed frequency and the funds required to cover this type of loss are deter- 
mined with relative ease. High loss risks occur very infrequently and with little 
or no pattern, and thereby complicate the determination of funds to be reserved. 
Very high losses, obviously, are beyond any ordered or scientific method of 
evaluation, and therefore funds reserved for the loss are determined by evaluat- 
ing expert opinions on probabilities of the loss occurring and the specific area 
to be effected. Fund reserves for the latter category of loss cannot be based 
upon experience; rather they are based principally upon judgment of the insur- 
ance institution and somewhat upon what the traffic will bear. 

(5) Discuss the “philosophy of allocation” of exposure. 

The breadth of this philosophy involves two categories: exposure among 
specialized work groups within the nuclear industry and exposure of the public. 

1. The practice of distributing exposure among a work group in nuclear in- 
stallations is recognized as acceptable. This practice affords protection to in- 
dividuals against continuous exposure equal to or—on rare occasions—above the 
prescribed limits. The policy of distributing exposures also increases flexibility 
in the work group and provides a judicious use of exposure. 

2. On the other hand, the philosophy of controlling or regulating the exposure 
of the public by allocation would seem impossible; the reason is that exposure 
for the whole population, including the above work group, results from a number 
of sources, i.e., natural resources, manmade (other than fallout), and environ- 
mental contamination (fallout). 

(6) What are the implications of a hazards situation in which the group tak- 
ing the risk is different from the group obtaining the direct benefits associated 
with the risk? 

Here again is an example of the relativeness of risk. Industry in general 
accepts the fact that certain groups take risks for the benefit of other groups. 
The nuclear power industry is no different. However, it may well be that risks 
are no greater than segments of other industries. 
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(7) What constitutes an adequate reason for accepting a given degree of 
exposure risk? 

The problem of evaluating a reason for accepting any risk or exposure risk is 
dependent upon the extent of the risk compared to the benefits to be gained. The 
training, experience, and maturity of judgment of the individual making the 
decision are important factors. Lllustration: Driving an automobile in excess of 
speed limits just to be “on time” at the job. Commonsense, which is essentially 
the sum total of training, experience, and maturity, is used to make the decision 
by evaluating the risks involved and the end benefit. 

The evaluation of an adequate reason for accepting a given degree of exposure 
largely involves the forementioned factors fortified with the existing well-defined 
limitations on exposure or dose which are accepted as safe. 

The following examples may illustrate criterions for accepting a given degree 
of exposure and exposure risk. 

A. An individual may be injured and be unable to remove himself from an 
extremely dangerous situation. His continued presence will result in a lethal 
dose (exposure). Provided the time interval was suflicient (which reflects the 
dose rate) for someone to undertake rescue, the saving of a human life would 
certainly be reason for accepting the added exposure risk. However, conversely, 
if the victim were beyond saving and the rescuer would sustain injury and pos- 
sibly death, the reason to undertake such a risk would be questionable. 

B. With a destructive malfunction of certain operating equipment in a nuclear 
plant, a large portion of the personnel might be significantly injured from the 
resultant release of radioactive material. Rescuing the personnel would con- 
stitute an adequate reason for accepting a given degree of exposure if the effects 
would be less than lethal. However, one cannot predict how individuals might 
react to these conditions; it is conceivable that even a lethal dose (exposure) 
would be acceptable to one for the benefit or welfare of many. 

C. Routine cleaning of floors in the plant (not radioactively contaminated) 
would not constitute an adequate reason for accepting a degree of exposure in 
excess of ordinary operating conditions. Likewise, it would be inconsistent to 
accept a lethal dose (exposure) or any exposure in excess of ordinary operating 
conditions just for the sake of saving a piece of equipment in the plant. 

(a) What are the practical limits to which radiation protection can be carried? 

The current AEC and National Committee on Radiation Protection exposure 
limits and proposed revisions are practical. They permit operation of the plant 
with a reasonable number of persons who would spend approximately 40 hours 
per week for 50 weeks per year performing their assigned duties. Based upon 
present knowledge of radiation effects, there is no necessity for changing these 
limits. 

(b) How do the costs of radiation protection relate to the degree of protection? 

One can safely say that the costs of radiation protection are directly related 
to the degree of protection. Additional protection in the form of more shielding, 
remote operating and maintenance mechanisms, and other plant complexities to 
meet more restrictive criterions for radiation protection would require greater 
capital investment. 

(c) Do indirect economic or social “costs” exist which also increase with 
increasing protection? Illustrate: e.g., impairment of feasibility of power re 
actor project. 

Any further restrictions beyond the proposed radiation limits would add finan- 
cial burden upon the power reactor program and could deter advancement in the 
use of nuclear power. Overemphasis of protective measures in the environs of 
the plant could have an alarming effect upon the public and retard public accept- 
ance of this vital new industry. 

(d) Is there any precedent for insisting upon “absolute safety,” assuming it 
to be available? 

We know of no such precedent. It is difficult to imagine a situation in which 
some objective could be attained and still guarantee “absolute safety.” The 
concept of “absolute safety” is incompatible with an industrial economy. In 
fact, it is incompatible with life itself. 

(8) What is the nature of the decision process whose result is expressed as 
radiation protection “criteria” or “standards”? 

A decision process for the preparation of radiation protection standards would 
require certain prior information before the standard could be formulated. 
The prior information needed would include the nature of the nuclear project, 
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the magnitude of the operation, the general policy limiting expected risk to be 
experienced as a result of the operation, and expected expenditures to be avail- 
able for the operation. 

The outline of the steps of a decision process would be as follows: 

I. Preparation: 
A. Investigation: 
1. Discovery. 
2. Collection. 
3. Condensation. 
B. Analysis. 
C. Comparison. 
II. Making the decision: 
A. Evaluation. 
B. Command (regulation). 

Preparation in this application would require collection of all previous knowl- 
edge on the subject of radiation hazards, biological effects, permissible limits, 
instrumentation availability, and shielding characteristics of different materials. 

Where certain information is not available experiments would be required 
to discover new data such as shielding characteristics of new materials or old 
materials under new conditions, and study of a biological system’s response 
to radiation in comparison to the response of measuring devices. 

Condensation of raw test data into comprehensible form for interpretation 
is necessary to ascertain that enough data has been assembled and that its 
validity is assured. 

Analysis must be made of the data of an investigation. The observed effects 
and the interpretation of these facts will provide meaning and value to each 
of a number of alternatives. For example, the biological effects of gamma 
rays, neutrons, alpha and beta particles require measurement. Knowledge of 
these effects has definite results in the design of any plant. 

Comparison is necessary to evaluate the benefits, risks and costs for one set 
of conditions with those of an alternate. An example might be in the design 
of a ventilation system as contrasted to wearing respiratory protection in cer- 
tain areas of a plant. 

Making the actual decision will depend upon a simultaneous evaluation of 
all collected data and review of these to assure conformity with the original 
policy. Each method of control of exposure would be evaluated in the light of 
current and proposed regulatory limitations. The cost of the different methods 
would be a factor, but not necessarily the dominant one. 

The evaluation would include the results of defining the anticipated hazards, 
their sources, locations in which to be expected, and magnitude of each hazard. 

The command or protective standard then is formed and would include limits 
of annual radiation exposure and exposure rates during definite time intervals, 
and the necessary radiation protection procedures. 

No comments on questions 8(a), 8(b) and 9 of Outline Topic III-B. 


(The following supplementary statement was submitted to the Joint 
Committee on Atomic Energy by Dr. Ralph E. Lapp.) 


I have reviewed Staff Report No. 1 of the Federal Radiation Council, “Back- 
ground Material for the Development of Radiation Protection Standards,” dated 
May 13, 1960. I wish to comment largely upon section VII, “Summary and 
Recommendations,” pages 36 through 39, section numbers 7.1 through 7.18. 

My comments are of a preliminary nature and are deliberately “mild” in 
flavor for two reasons. First, the report is labeled as a staff paper and does not 
apparently constitute a policy statement. Second, the Federal Radiation Coun- 


cil is still in its infancy and I have no desire to be harshly critical of the 
newborn. 


Section 3.12 


My comments in the panel discussion of May 31, 1960, made clear that I do not 
agree with the descriptive evaluation given in sections 3.12 and 3.18 of the con- 
tribution of fallout to the manmade environmental contamination. The em- 
phasis upon Cs™ as the principal contributor to the gamma hazard overlooks the 
importance of shorter-lived activities present in fallout as measured in the 
United States during 1958 and 1959. In this connection I am appending a 
paper submitted to Science magazine on June 5, 1960, detailing my views. (The 
paper referred to is contained in the Joint Committee files. ) 
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1. Recommendation.—The Federal Radiation Council should prepare and 
publish an expository statement on fallout, complete with technical appendixes, 
surveying all aspects of the problem. The American people need such a docu- 
ment and it is long overdue, The technical data are now out in the open, due 
almost entirely to the investigations of the Joint Committee on Atomic Energy, 
but they have not been integrated into a simple and understandable exposition. 

2. Recommendation.—The Federal Radiation Council take pains to consult 
with scientists who have advanced critical views of the fallout problem in order 
that any FRC statements will be subject to divergent views prior to publication, 


Section 7.1 


Providing a Federal policy on human radiation exposure is important but it is 
equally, if not more important to recognize that current medical practice in- 
volves radiation exposures in excess of commonsense standards. It should 
not be necessary to await the promulgation of detailed standards before atten- 
tion is given to the radiation excesses of the medical profession. Dr. Jack 
Schubert and I have detailed a partial record of these excesses in “Radiation,” 
a book published by Viking Press in 1957; I understand that Dr. Schubert will 
include material from this book in his supplementary statement. 

8. Recommendation.—The Federal Radiation Council should take steps to issue 
as soon as possible a radiation guide for the layman detailing the nature of 
radiation exposure associated with current medical practice both in the diag- 
nostic and therapeutic field. . 

4. Recommendation.—The Federal Radiation Council should authorize an ex- 
tensive survey of the medical profession to determine the status of radiation 
practice and the condition of radiation equipment. This survey should include 
all applications in which X-rays, radium and its products, and radioisotopes are 
involved. This survey should be published promptly both in statistical form 
and in an abbreviated expository form suitable for the lay reader. 

5. Recommendation.—The Federal Radiation Council should study the problem 
of radiation controls, based upon its survey of the extent and nature of radiation 
hazards present in the United States. It should thereupon institute or recom- 
mend adequate regulation and control for the proper reduction of radiation 
hazards in the United States. The medical profession may be expected to resist 
such regulation and control, and pressure will be brought to bear to allow the 
medical profession to continue as it has in the past. The record of the medical 
fraternity gives no reason for the optimistic assumption that it will set its own 
house in order. Radiation hazards have been recognized for well over half a 
century and yet the overuse and improper use of penetrating radiation has con- 
tinued. Each year witnesses the increased exposure of the U.S. population to 
larger amounts of radiation. This is the No. 1 radiation hazard in the United 
States today and it deserves priority attention by the Radiation Council. 


Section 7.2 


A major shortcoming of the report is that it fails to direct emphasis to sources 
of radiation exposure in terms of man-rem units. In other words, it fails to put 
the radiation problem in proper perspective. Too much attention is focused upon 
occupational hazards whereas this is clearly No. 3 on the list of contributors to 
the national radiation dosage. Medical exposure is No. 1; fallout radiation is 
No. 2 (but declining), and occupational exposure is No. 3. An additional cate- 
gory involves irradiation from natural sources under man’s control, namely, 
building materials which add to the natural background. This touches upon a 
complex problem in view of the economic consequences, but it should be thor- 
oughly explored so that it can be assessed in quantitative terms. 

6. Recommendation.—The Federal Radiation Council should reassess its Staff 
Report No. 1 and focus emphasis upon medical exposure as the No. 1 problem 
of radiation exposure in the United States. 


Section 7.3 


With respect to the factual material presented in subsections 1 through 9, 
the comment may be made that subsection 6 is important enough to deserve 
special emphasis. In fact, the Federal Radiation Council may wish to specify 
four periods of human exposure during which radiation safeguards have a 
somewhat different degree of importance, i.e.— 

Period I—Exposure in utero. 

Period II—Exposure during infancy. 
Period ITI—Exposure in youth. 
Period IV—Exposure in adult life. 
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7. Recommendation.—The Federal Radiation Council should encourage re- 
search in assessing the sensitivity of the human being to radiation during the 
four life periods—prior to birth, infancy, youth, and adult. 

8. Recommendation.—It be made a mandatory regulation that all radiation 
exposures to pregnant women be recorded by the attending doctor or radiologist 
and that these records be compiled by the Public Health Service for use in 
assessing the degree of radiation damage associated with such exposure to the 
unborn child. These studies are necessarily long term in nature and need to 
be funded so that they can be maintained on a continuing basis. 


Section 7.3 


Subsection 9 uses the word “detectable” in a qualitative manner. The de- 
tectability of radiation effect is a function of the population studied and it 
must be stressed repeatedly that the absence of an effect in a small population 
or study sample is no guarantee that no radiation effect will take place in a 
larger sample. See, for example, my panel comments on the applicability of 
radium data to the St. Louis Sr” problem. 


Section 7.4 


With regard to subsection 1, careful consideration should be given to deter- 
mining which approach will be more fruitful—studying a small population 
with a history of considerable exposure or analyzing a more general population 
with less individual exposure. Studies of persons who have a history of heavy 
exposure tend to become ambiguous in interpretation because they can always 
be challenged on the basis of the special nature of the sample. 


Section 7.5 


Here, it is acknowledged that medical exposure is the greatest contributor 
to national radiation dosage. However, there are no recommendations as to 
what the Council would do about this situation. 

9. Recommendation.—The Federal Radiation Council should consider the 
establishment of “patient standards’ so that individuals subject to routine 
medical practice are not given excessive penetrating radiation. Practitioners 
should be given an official radiation guide outlining permissible radation ex- 
posures to patients for the various types of conventional X-ray examination, 
Surveys should be made on a continuing basis to insure that these guides 
are obeyed. 

10. Recommendation.—The Federal Radiation Council should recommend 
that certain types of radiodiagnosis should be sharply curtailed by the medical 
profession, that shielding should be routinely employed for specified diagnostic 
practices and that adequate records of all patient exposure during diagnosis 
be kept. 

11. Recommendation.—The Federal Radiation Council should recommend that 
certain types of radiotherapy for benign conditions be sharply curtailed and 
that some practices be banned. Adequate representation of medical specialists 
should be made in the decisions reached in this matter. 

12. Recommendation.—The Federal Radiation Council should recommend the 
banning of such X-ray devices as the shoe-fitting fluoroscope, the use of X-ray 
equipment for amusement purposes and other applications of these types. 

13. Recommendation.—The Federal Radiation Council should require that all 
radiation-emitting equipment should be subject to sale only to qualified users. 
Applicants for the purchase of X-ray equipment, for example, should prove their 
qualifications by passing a written examination prescribed by the individual 
States, but conforming to Federal standards. Each radiation installation should 


be registered with the proper State authority and should be subject to periodic 
examination. 


Section 7.6 


The concept of balancing risks versus benefits is fine in theory but it presup- 
poses that one knows both risks and benefits in at least a semiquantitative man- 
ner. There are three major categories of radiation exposure for most Ameri- 
cans; this means that three different balance-judgments are involved. 

Dr. Russell H. Morgan has described the procedure for arriving at radiation 
Standards more realistically. He asserts that the standards are formulated 
somewhat arbitrarily; they are then exposed to the population and then one 
waits to see what the effect is. This wait-and-see technique is valid only if one 
waits long enough for the latent radiation injuries to appear and if one makes 
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a survey competent to see the extent of the injury. Radiation injuries are of 
the same nature as other human defects so that the problem of detection is 
one of recognizing a certain incidence of biological effect against a background 
of normal or natural effects of the same character. This statement of the 
problem serves to point up the nearly unique nature of the radiation hazard 
evaluation as a public health measure. 

14. Recommendation.—The Federal Radiation Council recognize that the 
establishment of radiation standards is a somewhat arbitrary matter, that scien- 
tific knowledge in the field is far from complete and that the standards reflect 
the best judgment that experts can make. I would feel that attempts to quantify 
the balance of risks versus benefits will meet with frustration. 


Section 7.7 

It should be noted that the decisions made on weapons testing in 1954 (the 
year when U.S. nuclear tests contributed so much nuclear debris to the atmos- 
phere) were scarcely in the democratic tradition. The people were not con- 
sulted. Although a group of experts were convened in the summer of 1953 to 
evaluate the hazards, the record will show that these discussions were held 
secret long after the 1954 period and that very few of the experts consulted were 
competent in the biomedical hazards field. Furthermore, at the time very great 
areas of ignorance existed in technical fields such as meteorology, particle-size 
physics, fission-product pollution of the food-chain and fission-product uptake in 
humans. 

15. Recommendation.—The Federal Radiation Council should be formally con- 
sulted by the Atomic Energy Commission and Department of Defense with re- 
spect to its planning for future nuclear tests. The Council should have the 
power to review the test plans and to disapprove specific tests if competent 
analysis shows that a significant radiation hazard would exist as a result of the 
nuclear detonation. 


Section 7.9 

The substitution of “radiation protection guide” (RPG) for “maximum per- 
missible limit” or similar phrases is obviously designed to make the terms less 
alarming to the public. The original choices of “maximum,” “permissible,” and 
“limit” are probably unfortunate, but they are imbedded in the literature and in 
current practice. I doubt whether revamping the phrase will prove very effec- 
tive in making the concept more pleasant to people. There is still a limit con- 
cept involved. I doubt very much if other nations will adopt the RPG; if they 
do not, then the different conventions will clash in the literature. 


Section 7.10 
The 0.5 rem dose defined as the allowable dose for an individual on a popula- 
tion basis over a period of 1 year with an average of 5 rem over 30 years needs 
to be qualified so as to give a greater degree of protection during the most critical 
periods of the individual’s life. 
16. Recommendations.—The Federal Radiation Council should subdivide the 
5 rem 30-year dose so that the following dose schedule is not exceeded: 
In utero: 0 rem. 
Infant: 0.1 total body rem. 
Youth: 1.0 total body rem (cumulative dose). 
Adult: 5.0 total body rem (cumulative dose). 


Section 7.12 
See comments under sections 7.3 and 7.5. 


Section 7.13 

This section appears to deal with the radiation problem on an agency-occupa- 
tional exposure basis. No mode of action is indicated where population exposure 
is involved, as in the case discussed with relation to Sr” contamination of the 


milk supply. 
Section 7.17 


This section should apply to both the PCG and the RPG as noted in my com- 
ment on section 17.10 and recommendation No. 16. 
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Section 17.18 
The four recommendations made here, together with the three stipulated in 


section 7.4, do not, in my opinion, constitute an adequate expression of the re- 
search needs of this Nation in the field of radiation standards and protection. 
Some of the recommendations that I have made should be included in any repre- 
sentative tabulation of research needs in this vital area. 

17. Recommendation.—The Federal Radiation Council should assess the re- 
search needs for providing the United States with a sound program for radiation 
protection and prepare a special report detailing these needs. It should in- 
dicate those projects which will require long-term research and also those for 
which special facilities and large appropriations will be required. 

In conclusion, I repeat that these are preliminary comments directed at section 
17. I have not attempted to deal with many other aspects of radiation safety. 
However, I cannot conclude this commentary without stressing my belief that 
Federal regulation and control of radiation hazards will be necessary if the 
problem of reducing human exposure to penetrating radiation is to be solved. 
To this end, I urged along with Dr. Schubert that the Federal Government enact 
legislation creating a radiation control service. 


(Whereupon, at 4:20 p.m., the committee adjourned, to reconvene 
at 10 a.m., Wednesday, June 1, 1960.) 
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WEDNESDAY, JUNE 1, 1960 


Coneress oF THE Untrep Stares, 
SprectaL SuscoMMITTEE ON RaptiaTIon, 
Joint CoMMITTEE ON Atomic ENERGY, 
Washington, D.C. 

The subcommittee met, pursuant to recess, at 10 a.m., in room P-63, 
the Capitol, Hon. Chet Holifield, chairman of the subcommittee, pre- 
siding. 

Present: Representatives Holifield, Price, Van Zandt, and Hosmer. 

Also present: James T. Ramey, executive director; Carey Brewer, 
David R. Toll, and Richard T, Lunger, professional staff members; 
Hal Hollister and James E. Turner, technical consultants. 

Representative Hortrretp. The commitee will be in order. 

The committee will resume its hearings this morning. The subject 
matter will be “Concepts of Practical Application.” Our first witness 
this morning is Dr. Richard Chamberlain, University of Pennsylvania. 


STATEMENT OF RICHARD H. CHAMBERLAIN, M.D.,1 UNIVERSITY OF 
PENNSYLVANIA 


Dr. CHAMBERLAIN. Thank you, Mr. Chairman. 
Representative Hotirretp. Dr, Chamberlain, you have been on our 


steering committee, and we appreciate that. We are pleased to have 
you before us. 


Dr. Crampertarn. I consider it a privilege to appear here today, 
Mr. Chairman. If I may, I would like to read a statement. 

Representative Houirtetp. Please proceed, 

Dr. CHAMBERLAIN. I have been asked to discuss some of the features 
of radiation standards or guides as they bear on the practical applica- 


1Home address: 8327 Germantown Ave., Philadelphia, Pa. Date and place of birth: 
May 25, 1915. Jacksonville, Fla. Marital status: Married; no children. Education: 
1930-34, Centre College, Danville, Ky.; A.B., 1984. 1935-39, University of Louisville 
School of Medicine: M.D., 1939. 1939-40, Louisville City Hospital; rotating internship. 
1940-42, fellowship in radiology, hospital of the University of Pennsylvania. Honors 
and awards: Henry Barret Boyle Prize. Centre College, 1932. Atwood P. Latham Prize, 
University of Louisville, 1986. Henry Enos Tulley Prize, University of Louisville, 1938. 
Carman Lecture, Radiological Society of North American, 1952. President, Philadelphia 
Roentgen Ray Society, 1954-55. Visiting professor, University of Lund, Sweden, 1956. 
1st vice president, Radiological Society of North America, 1957. Military service: 
1942-46, active service with the U.S. Army; Chief of Radiology Service, 24th Station Hos- 
ital and Nichols General Hospital. Certification: American Board of Radiology (Radio- 
ogy) 1945. Employment: Associated with the University of Pennsylvania School of 
Medicine since 1940: presently professor of radiology. 

Other facts: Member, National Committee on Radiation Protection, International Com- 
mission on Radiological Units, NAS—NRC Committee on Pathologic Effects of Atomic 
Radiation, National Advisory Council on Radiation of the U.S. Public Health Service 
1958 to present, United States Chamber of Commerce Committee on the Public Under- 
standing of Atomic Energy. Technical adviser to Second International Conference on 
Peaceful Uses of Atomic Energy, 1958. Former member, Committee on Isotope Distribu- 


= of AEC. Former chairman, AEC Subcommittee on Human Applications of Radioactive 
sotopes. 
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tions in medical practice and have taken the liberty of drawing some 
inferences and conclusions relating to the larger scope of the dis- 
cussions here as well. 

The medical uses of radiation have been so vitally important, and 
increasingly so, during the past half century, that much of the devel- 
opment of protection concepts has been shaped by the needs and special 
problems of these uses. It is not surprising that all the answers for 
the protection problems of the rapidly expanding nuclear age have 
not been apparent in the standards conceived primarily for these 
medical applications. The situation has been one, rather, in which 
“standards” or guides for prudent action have been constantly im- 
proved as radiological techniques and knowledge have shown their 
feasibility and need. It is also true that the development of atomic 
energy has itself directly complicated the medical uses, but has also 
had considerable influence on the thinking of the medical profession 
about appropriate levels of exposure and the control of exposures. 

In two ways, however, the medical uses of radiation merit special 
attention in discussions of future control criteria. The first is in 
regard to a sense of perspective in amounts of radiation which may be 
used or must be used for sufficiently useful purposes with the con- 
cept of value judgments on which such choices are based. The sec- 
ond is the obligation to avoid unwarranted or excessive restrictions 
which may result in well-intentioned but finally harmful end results, 
rather than the desired good effect. 

The practical decisions in medicine which indicate the use of 
radiation are complex and varied in respect to amount of radiation 
used, the relative dosages to different parts of the body, the type of 
diagnostic or therapeutic benefit expected, and the potential serious- 
ness of the disease or condition which is being dealt with. In almost 
every instance value judgments are required, and it is impossible 
with present knowledge to be precise in the expression of more than 
one or two parameters. 

The range of amounts of radiation needed for various purposes is 
very broad. These limits extend from as little as one-tenth to one- 
half of a milliroentgen, such as may be scattered to the gonads in 
the performance of a chest X-ray examination with modern tech- 
niques, to as much as 50 million milliroentgens which may be ad- 
ministered to at least portions of the thyroid gland in the treatment 
of thyrotoxicosis. 

The first is such a small increment relative to natural background 
levels and their variations as to make it seem of little importance. 
Yet chest examinations are so widely used and for so many indica- 
tions that attention to keeping this source of gonadal exposure to as 
low a figure as is feasible has been seriously pursued, inasmuch as 
it constitutes more of a population exposure problem than the treat- 
ment of the thyroid with radioactive iodine. 

Chest X-ray examinations are useful for a variety of purposes, 
ranging from survey examinations for the detection of tuberculosis, 
in large groups, to the diagnosis of pneumonia or bronchiogenic cancer 
in a patient with suspicious or full-blown symptoms of such a disease 
entity. Any of these may literally spell the difference between life 
and death. Furthermore, the available apparatus, the conditions 
under which it can be used, the type of projections or study needed, 
the call for fluoroscopic observation or special film techniques, such 
as body section exposures, and the need for repeated examinations 
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may raise the radiation a by a hundredfold or even a thou- 
sandfold. Any exposure short of immediate gross somatic radia- 
tion damage may be justifiable in a sufficiently serious situation. In 
therapy, even such limitations may be purposefully foregone, and in 
malignant disease, amounts of radiation to a point just less harmful 
than the consequences of the disease may be needed and gratefully 
employed to alleviate suffering and prolong useful life. 

The many variations of these situations have widely different radia- 
tion exposures, widely different urgency of medical need, and most 
often the precise risks and benefits are not definable, but must be 
weighed with an educated and experienced judgment, tempered 
with conservative concern for the patient’s welfare. This is also the 
process by which the great majority of all medical value judgments are 
attained and is not unique to radiation. It equally applies to most 
of our use of effective medications, from aspirin to antibiotics and 
cytotoxic agents, the enlightened use of surgery, and the interpreta- 
tion of other diagnostic methods on which definitive action is based. 

It is germane to the discussion of radiation standards, however, 
because in all of these situations, while greater knowledge of risk and 
benefit is highly desirable and determinedly pursued, action is forced 
with admittedly incomplete understanding. It is my opinion that a 
great number of the nonmedical uses of radiation are equally impor- 
tant to the total welfare of our people and equally justifiable for 
continued use on a comparable basis. Furthermore, this basis can be 
justified on a graded scale, weighing probable benefit versus probable 
risk without the necessity for absolute values for either. It is essen- 
tial in doing so, however, that the criteria be under constant or periodic 
review and that they be interpreted by those with sufficiently broad 
knowledge of the factors involved to appreciate each type of situation 
from both aspects. 

The medical uses of radiation involve not only the exposures to 
patients, who are a considerable segment of the population, but also 
exposures to occupational personnel in the environs of radiation instal- 
lations or potentially affected by radioactive materials used for 
medical purposes. It seems appropriate at this point to consider the 
tremendous influence for good that the NCRP has exerted over the 
past three decades. 

Originally created largely for medical reasons, it has been strongly 
supported by medical and specifically radiological groups and has 
brought the best of scientific knowledge to bear on radiation protection 
problems. The occupational exposures have been more susceptible to 
the formulation of general guides as have been expressed in the MPD 
values. Comparable values for total exposures to patients have not 
been advanced by the NCRP, but this has not been from overlooking 
the problem. Rather it has been from wise realization that the 
judgments are too complex and based on too many imprecise variables 
to allow such codification. 

In respect. to one aspect of patient exposures, however, the NCRP 
has been both active and very effective. This is in relation to equip- 
ment and techniques. In general, diagnostic radiological examina- 
tions are currently performed with small fractions of the exposures 
required thirty years ago and the NCRP has performed a great serv- 
ice in promoting this improvement. It should be pointed out that most 
of this has been achieved with the voluntary support of the medical 
profession and the manufacturers of radiation apparatus. Those of 
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us who are active in promoting further improvement in methods of 
control should consider how effective this approach has been. There 
have been limitations from practical and economic reasons. There 
are always examples of less than optimal use of the best standards at 
any point in time, and new improvements constantly alter the picture, 
but the total picture has been encouraging. It should not be assumed 
that the guides for occupational exposure and equipment and tech- 
nical features have been lacking in effect on the choice and frequency 
of decisions for patient procedures. Rather they have strongly in- 
fluenced the physician’s judgment in that regard, setting reference 
points which have both consciously and unconsciously affected the 
weighing of benefits and hazards. 

In considering methods of control, these two aspects of radiation 
exposure in medical practice have direct bearing on reasonable pro- 
grams for action. The condition of apparatus, protective shielding, 
stray radiation levels, and such features of equipment and technique 
can be specified and can be inspected. Within reasonable limitations, 
monitoring programs give some indication of occupational exposures. 
On the other hand, direct control of decisions as to what procedures 
are performed on individual patients and their extent and frequency 
of repetition are not accessible to such regulations. They must depend 
upon the wisdom and judgment of the responsible physicians. Yet 
the latter aspect is overwhelmingly the greater factor in radiation ex- 
posure and so much so that unduly rigid restriction of apparatus— 
technique details could lose all sense of proportion. It is far more im- 
portant that the physician understand the medical judgment involved 
in deciding on the usefulness of a radioiodine tracer procedure in sus- 
picious cases of thyrotoxicosis and the relative reliability of such a 
test performed with one or fifteen microcuries of radioiodine versus 
the probable hazard that it is for undue emphasis to be placed on how 
high the letters are in his radiation hazard placards. The signs can 
be regulated, inspected, and enforced. The medical judgments depend 
on experience and education. It is important to work toward the best 
in all aspects, but with the appropriate approach for each situation 
and the appropriate emphasis where it is due. 

A further practical observation might be made concerning appara- 
tus and techniques as well as the expertness of medical judgments. 
There is a wonderfully high general level of quality of medical care 
in this country. All is not universally and equally excellent at any 
moment, however. New ways of reducing radiation are constantly 
being devised as well as new ways of extracting greater information 
from the exposures that are being used. Some reasonable minimal 
standards are justifiable, but in our zeal to accomplish this, we should 
not forego the urgent need that exists for our total facilities as they 
exist. Their improvement is of necessity gradual as well as expensive 
and newer improvements will be made coincidentally. In the mean- 
time, the hazards of radiation are not so dumeantvis great but that 
the lives saved by the use of less than optimal methods would seem 
to outweigh the harmful potential. 

Conclusions: 

1. The past and present standards of the NCRP have been excellent 
for planning and as guides for good practice in the technical portions 
of medical as well as other uses of radiation. 
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2. Difficulties arise in converting such guides for rigid legal and 
compensation limits of exposure. This is not only due to the methods 
of deriving the values and their uncertainties, but also to loss of sense 
of perspective when interpreted outside of a graded scale adjusted 
to need and benefit versus probable risks. 

3. The experience derived from medical use of radiation suggests 
that many of the most important aspects of radiation control are not 
suitable to formal legislative regulation and must be approached with 
local interpretation by educated exercise of trained judgments. 

4. Programs of education and improvement should be by long range 
planning so as to adapt to constantly changing knowledge and methods, 
not one-shot affairs. 

5. Improvements are always possible and gradual shifts in criteria 
and guides should keep pace with them as well as scientific knowledge, 
but the present situation does not call for crash programs or overly 
rigid restrictions. 

Representative Hortrretp. Thank you, sir. 

Mr. Hosmer. 

Representative Hosmer. Do I gather from your testimony that the 
medical profession says, roughly, that it is all right to come in and 
check our equipment over once in a while and look over our proce- 
dures, if you don’t bother us too much, but otherwise leave us alone? 

Dr. CHamper.arn. If I might paraphrase the situation 

Representative Hosmer. 1 thought I was paraphrasing your 
testimony. 

Dr. CHAMBERLAIN. It is that when the nonphysician comes in and 
tells the surgeon how he should do his operation, if he is a bacteriolo- 
gist, he may be able to say there is bacterial contamination, but if he 
says you should make your incision in such and such a manner and 
remove such and such organs, he is in effect interfering with a med- 
ical value judgment for which he is not competent. 

Representative Hosmer. I will grant that case to be true. Iam not 
quite certain that it is analogous to the situation, one, of radiation 
therapy. We actually have two situations, radiation therapy and 
exploration with X-rays. 

Dr. CHAMBERLAIN. Diagnostic and therapeutic uses. 

Representative Hosmer. In as far as the diagnostician is concerned, 
he has little concern with anything but what the plates show. He 
may or may not do the X-ray himself. 

Dr. CHAMBERLAIN. No, sir. The radiologist who does diagnostic 
examinations is a true physician and this type of procedure should be 
done as a complete consultation. 

Representative Hosmer. The average fellow with the average pain 
in his abdomen comes into the average internist and the average inter- 
nist sends him down to somebody to have an X-ray. The internist 
does not do it himself. 

Dr. CHAMBERLAIN. He sends the patient to a radiologist, yes. 

Representative Hosmer. His concern, then, is with what the plates 
show and not with the procedures, not with the man’s history of pre- 
vious exposure or anything else. 

Dr. CHAMBERLAIN. You mean the referring physician. 

Representative Hosmer. I am referring to the internist. 
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Dr. CHAMBERLAIN. His interest is with the diagnostic interpreta- 
tion or opinion which the radiologist renders and not with the process 
of the radiation at all. 

Representative Hosmer. Isn’t it a fact that the radiotherapist 
composes a small fraction of the medical profession relative to all the 
rest of the medical profession ? 

Dr. CHAMBERLAIN. It is a specialty, the same way that dermatology 
or surgery and such things are; yes. 

Representative Hosmer. Most of the medical profession, then, is 
concerned with radiation principally from the diagnostic standpoint ? 

Dr. CHamper.LaIn. Yes. The use of radiation for diagnostic pur- 
poses is a broader use than the therapeutic one. 

Representative Hosmer. As a consequence, this great majority of 
the medical profession is not in fact in an expert category when it 
comes to assessing the facts of radiation ? 

Dr. CHAMBERLAIN. I am sorry; I don’t quite follow your thinking. 

Representative Hosmer. I was trying to destroy this supposed 
analogy you had about someone coming in and telling the surgeon how 
to operate, because I don’t think that most of the medical profession 
is in the category which would be termed expert with relation to 
radiation and radiation effects. 

Dr. CHAMBERLAIN. In the practice of medicine, including surge 
and radiological procedures, there is a graded scale on this, too. / 
physician practicing in a rural community may well do a good bit 
more surgery up to certain levels within what he thinks is his own 
competence and some radiological procedures. The same way with 
doctors drawing the line at what they do is a graded scale all along. 
Even the best surgeons will draw the line at doing certain types of 
surgery. They will send a neurosurgical case or a thoracic surgery 
case on to a still further specialist when they think the situation war- 
rants it. 

Representative Hosmer. At least we can’t paint the entire medical 
profession with a broad brush of competency with regard to radiation 
matters. 

Dr. CHampBer.ain. They have varying competency. 

Representative Hosmer. Nevertheless, you say that the entire medi- 
cal profession should be Jeft alone to make its own determination in 
this regard on the basis of the Hippocratic oath and whatever else 
guide them. 

Dr. CHAmpBerLAIN. No; I say you cannot legislate education into 
people’s brains. The process of improving standards of medicine 
which are going on all the time by educational process are not ame- 
nable to legislative control. They are only amenable to educational 
efforts. 

Representative Hosmer. You teach at the University of Pennsyl- 
vania Medical School. 

Dr. CHAMBERLAIN. That is correct. 

Representative Hosmer. How long have you been there? 

Dr. CHAMBERLAIN. ‘Twenty years. 
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Representative Hosmer. In the last 10 years, since 1950, has there 
been a change in the amount of emphasis which the medical school 
has given to matters concerning radiation therapy and diagnosis? 

Dr. CHAMBERLAIN. Definitely. It has increased approximately 
three or four fold in either hours or emphasis or whatever other way 
you want to look at it. 

Representative Hosmer. How many of the Nation’s doctors are 
graduates within the last 10 years from medical schools? 

Dr. CHAMBERLAIN. I cannot give you that figure. 

Representative Hosmer. It would be a minority, would it not? 

Dr. CHAMBERLAIN. Yes. 

Representative Hosmer. The majority of the Nation’s doctors 
graduated from medical school before this matter was given 25 per- 
cent of the attention it is today, if that much, is that right ? 

Dr. CHAMBERLAIN. Yes. 

Representative Hosmer. They have had to depend for education in 
this field upon the medical journals and meetings ? 

Dr. CHAMBERLAIN. Postgraduate courses and meetings. If my own 
calendar of speechmaking and movie appearances and television en- 
counters and such things are any criterion, I would say that there 
is a tremendously greater amount of postgraduate education going on 
than there is under graduate medical education. The field of radi- 
ation has been in for a very large share of this in these past 10 years. 
Asa matter of fact, for longer. 

Representative Hosmer. I don’t want to get into the retention fac- 
tor from each of your lectures, because I imagine in your case it is 
about 99.9 percent. I suppose it is with all these graduate schools. 
The only reason I questioned you like this is not in derogation of the 
profession, but I do believe that on occasion we get a poor perspective 
as to just what the competence is from hearing persons so well up to 
date in the field like yourself. If we went out within a radius of a 
thousand miles from here and picked up a physician from the average 
American city or town and asked him to come in here, it might 
different. 

Dr. CHAMBERLAIN. Yes. You might be surprised at his compe- 
tency or lack of competency in any particular detail. I think that 
the process of education in doctors is a continuous process. Obviously 
some of them do better than others. Doctors, too, are human, you 
know. 

Representative Hosmer. We like to think the same of Congress- 
men. 

Dr. CHAMBERLAIN. They have their varying degrees of information 
and expertise. There is no such thing as a uniform familiarity with 
everything in medicine. 

Representative Hosmer. I would like to point out that in relation to 
an overexposure case, it would certainly be a great deal more difficult 
to make a case against the doctor for overexposing a patient than it 
would be against an employer for overexposing an employee. That 
again relates to this judgment factor. 

Dr. CHAMBERLAIN. That is right. 
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Representative Hosmer. Which in turn, if it is to be claimed as a 
privilege of the medical profession, likewise imposes a responsibility 
on the medical profession that is much heavier than it would ordi- 
narily be. 

Dr. CHAMBERLAIN. You have a right to expect, if you are going to 
put your trust in the medical profession in this field as well as in other 
things, that they would live up to these expectations of having put 
proper thought and proper internal controls on this of their own. 

Representative Hosmer. But having read the “Last Angry Man,” 
about the old physician who finally got an X-ray machine and made 
a career out of it, there are probably exceptions to the rule. 

Dr. CHAMBERLAIN. You can always find a bad example or some bad 
examples, but I don’t think they should becloud the total picture. 

Representative Hosmur. What I was attempting to do was to evalu- 
ate your testimony a little bit. 

hank you, Mr. Chairman. 

Representative Horirrep. The chairman may say at this point that 
we have comunications from the American College of Radiology in 
which they refer to various of our witnesses and say that they will 

resent the case adequately, in their opinion, including Dr. Chamber- 
ain. You are listed among the group. Dr. Morgan, Dr. Failla, Mr. 
Parker and others that have appeared. We have a communication 
from the American Medical Association in which they decline to 
testify at this time. They point out that they have not formulated 
a policy relative to radiation protection criteria and standards. They 
have an ad hoc committee on atomic medicine and ionizing radiation 
which is studying the matter, and cataloging the major problems in 
the field. The Board will then, after this is done, determine which 
problems might be pursued most effectively by the association. The 
American Roentgen Ray Society declined also, but they pointed out 
that several of their members are appearing here, such as Dr. Morgan 
and Dr. Chamberlain and Dr. Failla. These will be included in the 
record after your testimony in full. 

(The statements referred to follow :) 


THE AMERICAN COLLEGE OF RADIOLOGY, 
Chicago, Ill., May 24, 1960. 
Representative Curet HOoLIiFrie.p, 
Chairman, Special Subcommittee on Radiation, 
Congress of the United States, 
Joint Committee on Atomic Energy, Washington, D.C. 


DEAR REPRESENTATIVE HOLIFIELD: Thank you very much for your letter of 
May 14 ‘inviting the American College of Radiology to present testimony on 
Friday, June 3, 1960, in connection with your hearings on “Radiation Protection 
Criteria and Standards: Their Basis and Use.” 

I have consulted with the officers of the American College of Radiology, and 
they feel that the likelihood that the college could make a contribution through 
such testimony is rather slight at the moment because you have scheduled as 
witnesses so many of the people who are directing the activities of the college 
in the area of radiation protection. We refer specifically to Dr. Russell H. 
Morgan, Dr. Richard H. Chamberlain, Mr. Lauriston S. Taylor, Dr. G. Failla, Dr. 
H. M. Parker, and Dr. Clinton C. Powell, all of whom are members of the college’s 
commission on radiologic units, standards, and protection. 

If, however, during the course of the hearings which we will follow carefully, 
it develops that such testimony might be helpful and useful to the subcommittee, 
we will request permission to be heard. We very much hope that your protocol 
permits us to defer final decision. 

Sincerely yours, 
Wiuram C. Stronacy, Ezecutive Director. 


=o Oct ot oO oO” 
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AMERICAN MEDICAL ASSOCIATION, 


Chicago, Ill., May 25, 1960. 
Hon. CHET HOLIFIELD, 


Chairman, Special Subcommittee on Radiation, 
Joint Committee on Atomic Radiation, 
U.S. House of Representatives, Washington, D.C. 
DEAR CONGRESSMAN HOLIFIELD: At the present time, the American Medical 
Association has not formulated a policy relative to radiation protection criteria 


and standards which will be the subject of hearings by your subcommittee on 
May 24 through June 3, 1960. 


The American Medical Association has an ad hoe committee on atomic medicine 
and ionizing radiation which is to study this matter and catalog the major 
problems in this field for our board of trustees. The board will then determine 
which problems might be pursued most effectively by the association. 

Thank you very much for inviting us to testify on this important issue. 
However, we must decline to testify at this time although I sincerely hope that 
in the future we may take an active part in hearings on this subject. 

Sincerely yours, 


F, J. L. BLASINGAME, M.D. 


Mayo Crinic, 


Rochester, Minn., May 17, 1960. 
Mr. CHET HOLIFIELp, 


Chairman, Special Subcommittee on Radiation, 


Old Supreme Court Chamber, Capitol Building, 
Washington, D.C. 


DEAR Mr. HOLIFIELD: In reply to your communication of May 14, let me say that 
the American Roentgen Ray Society does not wish to send a special repre- 
sentative to give testimony to the Joint Committee on Atomic Energy. Several 
prominent members of the society are to appear before the committee as officers 
of other organizations or as experts. It will not be necessary, therefore, for the 
American Roentgen Ray Society to assume an official position. We will hope to 
be properly represented by our members, among whom are Dr. G. Failla, Dr. 
Russell Morgan, Dr. Richard Chamberlain, and others. 

Sincerely yours, 


C. ALLEN Goop, M.D. 

Representative Horirrerp. The American Dental Society will have 
witnesses here later on. 

Dr. Chamberlain, what types of radiation exposure in medical prac- 
tice involve the greatest amount of radiation to the patient ? 

Dr. CHAMBERLAIN. Certainly the therapeutic exposures are gener- 
ally larger amounts. Did you mean thisor in diagnosis? 

Xepresentative Hoxrrretp. I really meant the total field which 
would include diagnosis. 

Dr. CHAMBERLAIN, I was rather interested in looking at this spec- 
trum of fractions of a milliroentgen up to, as I say, the order of 
50 million milliroentgens to a localized area. That particular example 
is a treatment and is a treatment with radioactive substances. It hap- 
pens also incidentally to the treatment of a nonmalignant disease in 
the sense that is not a cancerous disease. This is about as high an 
exposure as is given, even locally. 

In whole body exposures it is not possible to go to this kind of level, 
but ones approaching lethality have been attempted in the treatment 
of leukemia on an experimental basis, and then trying to save the 
patient with bone marrow transplantation in the fashion that has 
been used for nuclear accident victims. These, however, are the excep- 
tional situation. The average range of exposures in diagnostic proce- 
dures is on the order of 1 to 5 rads to the part of the body that is most 
exposed, and smaller scatter components to other parts of the body. 
This constitutes the great bulk of individual procedures. 
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Representative Horirieip. To what extent are fluoroscopic devices 
used now ? 

Dr. CHamMBeErRLAIN. I would say that the use of the fluoroscope is 
decreasing a lot and almost completely from this educational pro- 
gram that has been going on in the medical profession, because the 
exposures are greater. However, the fluoroscope gives unusual types 
of information, and when it is critically needed for internal motions 
of the body, particularly in study of such parts as the gastrointestinal 
tract, it cannot be replaced with a series of films. ; 

Representative Houirievp. Is there any formal position on the part 
of the American Medical Association in regard to the discouragement 
of fluoroscopic use ? 

Dr. CHAMBERLAIN. Yes. 

Representative Hoxtirietp. You say there is? 

Dr. CHamper.arn. I think the educational program that we have 
been conducting has been directed to two things. One is to have the 
fluoroscopes in as good operating condition as possible, and secondly, 
to have their use largely retained only for the specific situations where 
you need the motion type study. 


Representative Hoxirreip. Are special precautions taken in the in- 
stance of the gonads ? 

Dr. CHaMBERLAIN. The gonad protection comes from a variety of 
things that are done. Actually it starts back at the machine, the 
choice of kilovoltage and filter. Then it has to do with how wide an 
area of the body is included. Then how big a portal or area is 
irradiated. 

Representative HorirreLp. There is lead plate protection ? 

Dr. CuHampBerLAIn. This does not help very much. The most im- 
portant thing is to confine the beam and to stay away from putting the 
direct beam on the gonads. The local shielding or wearing aprons and 
putting up little lead shields is sometimes of importance, particularly 
in children, but usually the confining of the beam is done directly. 

Representative Hotirreip. Has there been any formal interest on the 
part of the American Medical Association in the scrutiny of obsolete 
old-type machines ¢ 

Dr. Cuampertain. In the last meeting of the American Medical 
Association in Texas, a formal resolution was passed urging county 
and State medical societies to promote programs for the inspection of 
apparatus. I think this is largely because of the good experience we 
have had in this being worthwhile in local programs such as the one 
in the city of Philadelphia which was sponsored by the county medi- 
cal society, and urging of our own membership in a voluntary pro- 
gram to be sure that their machines were inspected and up to the best 
of modern criteria. 


Representative Hortrretp. Upon whom does the responsibility for 
inspection rest ¢ 


Dr. Cuampertarn. In New York City this has been done by the city 
health department. 


Representative Horirretp. Are these people lay appointees or are 
they professionals ? 

Dr. Cuamper.ain. Usually there is some well-trained person, a 
radiological physicist or a radiological health physicist, in charge of 
such programs. 





RADIATION PROTECTION 345 


Representative Horirretp. So often in local appointments it de- 
ws more sometimes on political patronage, than it does on pro- 

essional competence. 

Dr. CHAMBERLAIN. There are unfortunately such a small number of 
people who are well trained in this. We have been greatly con- 
cerned about the educational program for these people who will in 
turn be directors of radiation health programs. 

Representative Hoxirienp. Why shouldn’t the manufacturers of 
these devices offer a calibrated service? 

Dr. CHAMBERLAIN. Most of them will do as much as they can, but 
they also have limitations on personnel. I think actually it is better 
usually to have the apparatus inspected by someone other than the 
manufacturer as a feeling of assurance to him that he has had a totally 
—uee opinion. 

epresentative Hosmer. You mentioned this survey in Phila- 
delphia. When did it occur? 

r. CHAMBERLAIN. The city health department did a study of a 
smaller group of dentists and physicians in the Philadelphia area to 
try to define our own problems, and on the basis of this study felt that 
it was worth while to encourage a citywide program. 

Representative Hosmer. When did you do it ? 

Dr. CHAMBERLAIN. The original study was done about 414 years ago. 
This latest campaign was done approximately a year and a half ago. 

Representative Hosmer. It was probably considered worthwhile to 
expand the study from the results of the original study. You ap- 


a found some quantity of equipment that was inadequate and 
ordering on the unsafe. 


Dr. CHAMBERLAIN. That is correct. 

Representative Hosmer. What was that percentage ? 

Dr. CHAMBERLAIN. Approximately two-thirds of the equipment 
needed something done to it, but 90 percent of those machines could 
be brought up to acceptable latest NCRP standards with relatively 
minor modifications. 

Representative Hosmer. But two-thirds of them were not at the 
time functioning as they should be. 

Dr. CHAMBERLAIN. Two-thirds were lacking in some ways; yes. 

Representative Hosmer. Of that many, what were actually in the 
dangerous category ¢ 

Dr. CHAMBERLAIN. Less than 10 percent. 

Representative Hosmer. Less than 10 percent ? 

Dr. CHAMBERLAIN. Yes. 

Representative Hosmer. Of that 10 percent, was danger posed 
chiefly to the machine operator or the patient, or both ? 

Dr. CHAMBERLAIN. Usually they go along together. When a piece 
of apparatus has too high an output, which is the usual thing, or in- 
adequate filtration, or stray radiation, they usually affect both the 
operator and the patient. 

Representative Hosmer. The control study was made 414 years ago. 
When was the followup overall campaign inaugurated ? 

Dr. CHAMBERLAIN. About a year and a half ago. 

Representative Hosmer. Has this been completed yet ? 

Dr. CHampertarn. The formal arrangement with the county 
medical society has, but the followup now we have returned to the 
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city health department which is doing a total blanket of every dentist 
and every physician, regardless of whether they have registered ap- 
paratus in our State. 

Representative Hosmer. Have they completed the first survey yet? 
Has the first overall survey of all of the machines in the hands of 
doctors and dentists been checked ? 

Dr. CHAMBERLAIN. No; the dentist one is nearly completed. The 
doctor one is not. 

Representative Hosmer. It would take at least 2 years to cover a 
city like Philadelphia ? 

dr. CHAMBERLAIN. It takes a long time. 

Representative Hosmer. Of course, we have a lot of other big cities. 
How many are doing something like this? 

Dr. CHAMBERLAIN. I don’t have an up to date report on what the 
activities are across the country. I just finished talking to Mr. Han- 
sen Blatz in New York City, and as I recall the figure they have done 
some 15,000 machines, and they feel that they have covered New York 
City now in a preliminary program. 

Representative Hosmer. In other words, if you are going to have 
any X-rays taken, go to New York City to have it done. 

Dr. Cuampertarn. As I pointed out here, the apparatus is of im- 
portance and is worth inspecting and worth having up to the latest 
and best standards. But it is only one small part of the problem. 
To my way of thinking, it constitutes something less than a fifth 
of the real problem having to do with radiation exposure in people. 

Representative Hosmer. But since the prime source of radiation 
exposure of the population at large is from doctors and dentists, I 
would judge that this represents our biggest radiation problem in 
the country. 

Dr. CHAMBERLAIN. I think so. 

Representative Hosmer. I think that should be emphasized. 
Where these surveys are not going on, they certainly should be. 

Dr. Cuamper.aAin. Yes. The apparatus, you must remember, is 
only one small portion of this job. 

Representative Hoxiriecp. I think Mr. Hosmer has developed a 
very interesting line of questioning here. It seems to me it is an 
indictment to a certain extent of the medical profession for not pay- 
ing more attention to this problem and placing more safeguards 
around the utilization of these machines. It is true that a perfect 
machine could be abused, that is, an overexposure could occur with a 
perfect machine. But even the best intentioned doctor using an im- 
perfect machine might automatically get an overexposure without 
knowing it. Here is a field where the American Medical Association 
might address itself to the protection of the public by adopting some 
overall criteria for inspection and calibration of these machines. You 
ask for us to depend upon the medical profession and not to write 
criteria and standards and yet you fail to do'so yourself. 

Dr. Cuampernarn. The standards are written, sir; the NCRP has 
done this. 

Representative Hosmer. Standards are written, but you have not 
followed through, apparently, with the proper inspection and cali- 
bration of machines to be able to know whether you are following the 
standards or not. 


a ee ee 


— Dp -—> 





ut 


me 
ou 
‘ite 


nas 
not 


ali- 
the 


RADIATION PROTECTION 347 


Dr. CHAMBERLAIN. I think that we do know something about how 
well the standards are being followed, and it is not perfect. I think 
this should be known. However, if you look at the totality of machines 
and find that 5 percent or 10 percent, or whatever your survey shows, 
are really bad, and another group are not in keeping with the latest 
NCRP recommendations, maybe 4 or 5 years out of date, this calls for 
action. But the action should not be out of perspective with what its 
real importance is of cleaning up the machine. By improving a 
machine, you can reduce the amount of radiation, let us say, to one 
third or by one third very often of what you would use otherwise. 
However, it is not a problem of overexposure and of damage to the 
patient immediately. This has to do with trying to get the most 
good out of the least possible amount of radiation. I would not con- 
demn the doctor who has an inferior machine and has not done some- 
thing about changing it to the latest standards providing it is not 
very bad, first, and secondly, providing that he is using a higher order 
of judgment in the medical decision process. 

Representative Hosmer. Dr. Chamberlain, you certainly must con- 
demn this doctor because if the machine is in fact bad, he does not 
know how bad it is unless he has had it checked. I think it is the re- 
sponsibility of this physician who desires to be unregulated and use 
his judgment to assume the responsibility of seeing that that equip- 
ment is safe, and not be in the position of speculating whether it is half- 
safe or 10 percent unsafe or 25 percent unsafe. I don’t follow your 
logic or reasoning on that point. 

Dr. CHAMBERLAIN. I agree with you that the machine ought to be 
brought up to the best possible standards. But this is not the differ- 
ence between safety and not safety. This is a difference in economy 
of radiation. 

Representative Hosmer. Yes, but unless he has his equipment in- 
spected he does not know whether it is safe or not. He has no right 
to subject himself, his employees or his patients to unsafe equipment. 
Therefore, he has an absolute responsibility to keep the machine in 
asafe condition. I don’t think that can be avoided. We talked about 
this problem and you talked about the machine being one of five ele- 
ments of the problem, or one of five places where something could go 
wrong. I suppose that is what you meant. Would you list the other 
four so we will have them at one place? 

Dr. CHAMBERLAIN. I don’t know. What I think I said was that 
the machine and technical part is only about one-fifth of the total 
exposure problem. The four-fifths is the decision as to what is done, 
how frequently it is done, what part of the body is examined, et cetera. 

Representative Hosmer. In other words, there is probably a safe 
aa wane = unsafe way to take an X-ray of any particular part of 
the vy? 

Dr. Cuamprrtarn. No, sir. There are ways of doing things with 
more or less radiation. But there is not a safe and unsafe way. 

Representative Horirretp. What percentage of the medical Kids 
are privet by trained radiologists as against ordinary medica] techni- 
cians? 

Dr. CHampernatn. I don’t think I can give you a valid answer on 
that. Some estimates have been made on this, such as Dr. Laughlin 

58454—60——28 





348 RADIATION PROTECTION 


and Dr. Pullman. You have to say how many are involved in it or 
the number of rads delivered to the total population. Laughlin and 
Pullman tried to do estimates of the gonadal dose in this country. 
The probability is that radiation amountwise, a high proportion is done 
by specialists either who are trained radiologists or who have special 
training in the field. ‘ 

Representative Horirterp. I know there is a growing tendency for 
doctors to use professional radiologists and send their patients to 
radiologists. 

Dr. CHAMBERLAIN. That is right. 

Representative Hoxirietp. And also for the installation of a ra- 
diologist in hospitals to service the needs of the doctors practicing in 
hospitals. I wonder if there is not a great number of doctors who 
are maybe general practitioners who have X-ray machines in their 
own offices for convenience sake, and either they or their nurses take 
X-rays? I was out to Bethesda Hospital sometime ago for a com- 
plete checkup, and I know that they had medical corpsmen taking the 
X-ray pictures. They had young enlisted men taking the X-ray 
pictures. 

Dr. Cuampertin. That is right. 

Representative Horirietp. I questioned some of them about their 
background. 

Dr. CHamMpBertain. And training. 

Representative Houitrietp. Some of them were students, interns. 
Some of them were not. Some of them were just assigned to that 
duty and given instructions. I don’t know how extensive their in- 
struction was. Apparently there this is looked upon as a machine. 
You press a button and you get a picture. Anybody can press a 
button. 

Dr. CHAMBERLAIN. That is not my way of training technicians, sir. 
We teach them about the physics and the protective aspects, too. 

Representative Hotirtetp. I just wondered. Some of us have per- 
sonal knowledge of the wide use of X-rays in the prenatal period. 
There have been witnesses before us that look with horror upon the 
exposure of the fetus to the concentration of an X-ray unless it is 
absolutely necessary from the standpoint of medical need. They look 
with horror upon it from the standpoint of doing these things rather 
nonchalantly, it seems to me. I wonder if the American Medical As- 
sociation has taken a position on prenatal exposure by X-rays or 
fluoroscopes ? 

Dr. Cuamperuatn. At least I am not aware of the AMA having 
taken a stand on this. The American College of Radiology has done 
so, discouraging routine pelvimetries. This is a difficult problem for 
which to make a hard and fast rule. This concept of necessity in med- 
icine is such that you seldom really know whether an exposure is 
necessary until after you have done it. You have suspicions, you have 
indications. Sometimes the indication to do a certain type of exami- 
nation is almost intuitive. At least you hope it is an educated in- 
tuition. It is not possible, I will say—I will make this bald state- 
ment—to list the precise indications for any procedure in medicine in 
a way that will really hold up. You have to weigh them back and 
forth and within a particular situation. 
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Going back to Mr. Hosmer’s remarks, I am not anxious in any way 
to give the impression of whitewashing the medical profession. We 
have our room for improvement. We have things that are not right 
and things that we ought to keep working on. But I think at the same 
time that the medical profession is constantly working on these things. 
If you look at the standards in radiation practice or in anything else. 
now and 5 years ago, you see a tremendous change. You see a tre- 
mendous change from 5 years before that. I think this process of im- 
provement is far more important than whether you at any one moment 
in time have reached a particular uniform accomplishment or achieved 
a certain level. 

Representative Hosmer. I think that is very true, Doctor, but I also 
think it is very true that if you are teaching your graduates that they 
do not have an obligation to insure that their X-ray machinery is 
saree just exactly as it should be, you are failing in a responsi- 

lity. 

Dr, CHAMBERLAIN. I could not agree with you more. 

Representative Hosmer. I also feel that if the American Medical 
Association, after this testimony this morning, does not in the 
discipline of its members make that clear, it too is failing in its re- 
sponsibility. I think also that each and every doctor who practices 
medicine and uses this technique in any way, who owns any machinery, 
who does not have it checked at regular periodic intervals and such 
other times as may be necessary is failing in his duty to his patients and 
to the public. 

Representative Hoxtrrerp. I think it would be fair to say, Dr. 
Chamberlain, that in your particular case, and in the particular case 
of Philadelphia, that you are to be commended for your initiative in 
undertaking these surveys, and setting an example for some other 
places in the country. I would feel a little more safe if I knew that 
the same thing was being done in Los Angeles. 

Our questioning of you, of course, is not in condemnation of the 
work that you are doing in Philadelphia and the University of Penn- 
sylvania, because we know of its excellence. But the question that 
comes to our minds, as Mr. Hosmer has brought out so well, Is there 
an awareness throughout the Nation in the towns and villages as well 
as a few large cities of this particular potential hazard or existing 
hazard in some instances ? 

Dr. CHAMBERLAIN. A year and a half ago I had the opportunity to 
help make a movie on this problem, a 45-minute color movie, supported 
financially by the Rockefeller Foundation and by the American Col- 
lege of Radiology, and some 115 prints of this movie have been fur- 
nished by the U.S. Public Health Service Radiation Health Branch. 
I have been interested since it was released, almost exactly a year ago, 
in the fact that the entire copies have been completely spoken for for as 
long as 3 and 4 months in sabntieli all copies, used for county medical 
societies, for local hospital staff meetings and such things. I just men- 
tion this as one indication of the feeling that I have that there is an 
intense amount of interest in this, among chest physicians and all kinds: 
of doctors. There are symposia at the pediatrics societies and so forth. 
We have here already a lot of interest, and I think we are going to get. 
a tremendous improvement in the way things are done. 
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Representative Hotirretp. Thank you very much, sir, for your testi- 
mony. 

Dr. CHamBertaAIn. Thank you, sir. 

The CrarrmMan. Our next witness will be Mr. Duncan Holaday, 
Chief of the Occupational Health Field Station, U.S. Public Health 
Service, Salt Lake City, Utah. 


STATEMENT OF DUNCAN HOLADAY,’ BUREAU OF STATE SERVICES, 
U.S. PUBLIC HEALTH SERVICE 


Mr. Hoxtapay. Mr. Chairman and members of the committee, I wish 
to express my appreciation for the opportunity to appear here and 
to present this report. 

This statement will be confined to a discussion of radiation protec- 
tion standards for occupation exposures to radiation, as this is the 
specific field in which I have had experience. The principles govern- 
ing the development and use of radiation protection standards in 
industry, however, are similar in some respects to those used for 
nonoccupational exposures. 

The basic biological concepts underlying the present maximum per- 
missible doses and maximum acceptable concentrations were thor- 
oughly discussed by Mr. Lauriston Taylor in his testimony during 
the 1959 J.C.A.E. hearings on employee radiation hazards and work- 
men’s compensation and his statements for the record. These sum- 
marize our knowledge of the biological effect of radiation and discuss 
the philosophy which permits establishing a maximum permissible 
dose, even shouwhi exposure to any quantity of radiation may be del- 
eterious. This concept is so basic to the control of occupational radia- 
tion exposures that I shall quote from the abstract of Mr. Taylor’s 
lecture on “Radiation Exposure as a Reasonable Calculated Risk,” 
statement for presentation at hearings of special subcommittee of the 
Joint Committee on Atomic Energy hearings on “Radiation Protec- 
tion Criteria and Standards: Their Basis and Use,” May 1960: 

Maximum permissible exposures for radiation workers have been based, in 
the main, on levels that would not produce detectable injury to any individual. 

The impossibility of correlating radiation effects with small radiation ex- 
posures makes it impractica! to use this criteria indefinitely. It must be assumed 
that there is some undesirable effect from radiation exposures, even though 
these are not specifically detectable. We are thus confronted with the necessity 
of accepting some risk due to radiation exposure, even though this risk cannot 
be specifically defined. The addition of a risk philosophy in the establishment 
of radiation protection standards and the acceptance of occupational exposure 
becomes a necessity if we are to continue the proper exploitation of radiation 
as a servant to man. 

The concept that there must be an acceptance of some small risk 
in occupational exposures to radiation is similar to that used in de- 
veloping maximum acceptable concentrations for occupational ex- 
posures to toxic materials. For example, the 1959 Report of the 


1 Chief, occupational health field station, occupational health program, U.S. Public 
Health Service, Salt Lake City, Utah. Academic background: B.S., Oregon State College; 
M.A., Oregon State College. Public-health background: 1943-59, industrial hygiene engi- 
neer, U.S. Public Health Service,' stationed at Washington, D.C.,. and. Salt ke City, 
Utah. Since 1948, directly concerned with health problems associated with the uranium 
mining and milling industry. 
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American Conference of Government Industrial Hygienists Commit- 
tee on Threshold Limits states : 

Threshold limits should be used as guides in the control of health hazards and 
should not be regarded as fine lines between safe and dangerous conditions, They 
represent conditions under which it is believed that nearly all workers may be 
repeatedly exposed, day after day, without adverse effect. 

These statements indicate that there is some hazard involved in 
exposure to toxic materials whether or not they are radioactive, and 
that it is unrealistic to believe that unqualifiedly “safe” maximum 
acceptable concentrations will ever be established. 

Whenever possible, MAC values for toxic materials are derived 
from the results of human experience. Epidemiological data on 
radioactive elements are very limited indeed, and such as are available 
apply only to radium and a few other natural radioactive materials. 
In this situation practically all the MAC values for radiation ex- 
posures are derived by extrapolation from animal experiments, in- 
ae on the biological jolene of the various elements, and by 
analogy. 

A parallel situation exists with many toxic chemicals which are 
used in industry in that human experience is not available and so 
MAC values have been established which are based on animal experi- 
ments or are developed by analogy with the action of similar 
compounds. 

With all the uncertainties that are inherent in any table of MAC 
values, one might ask of what value is such a list of numbers and what 
use can be made of it. This question was thoroughly considered in 
a symposium on threshold limits which was reported in the Industrial 
Hygiene Quarterly. 

This discussion can be applied directly to MAC values for radio- 
active elements, and I shall summarize the pertinent points. 

Maximum acceptable concentrations are an essential tool for the 
protection of the worker, as they represent a consensus of the best 
scientific opinion available. They prevent the development of the 
chaos that would result if each investigator had to rely on his own 
relatively limited experience and background. For governmental and 
official agencies who must visit many different operations in a year, 
they serve as a screening device to select those places which should 
receive further detailed study. For such use the screening tool need 
not be highly accurate. 

The staffs of official agencies are inclined to be too strict rather 
than too lenient and will usually attempt to study all operations 
where the threshold limits are exceeded. 

For private industrial purposes the MAC values serve as engi- 
neering bench marks. Where these values are used as a basis for the 
design of control procedures, they can be used with confidence as the 
usual engineering factors of safety are included in such specifications. 
For example, no industrial hygienist would specify a ventilation 
system that would collect only enough of the dust to maintain the 
atmospheric concentration at the MAC. His aim would be to main- 
tain the concentrations well below the recommended MAC. 

As a further illustration, I might mention in the last 10 years we 
have had approximately four different MAC values for natural 
uranium wank we have Ena to look at. Were I designing a dust con- 











352 RADIATION PROTECTION 


trol system for an ore crushing plant, I would have selected approxi- 
mately the same equipment and recommended about the same ven- 
tilation methods no matter whether I was looking at the lower or 
the higher of those four values. They differed by about a factor of 
five, I believe. But it would have made no difference; I would have 
used the same design procedures. 

The above lists some of the many uses of MAC values. Unfortu- 
nately, there are many misconceptions of these values and misuses 
of tables, whether they are published by the Threshold Limits Com- 
mittee of the ACGIH or by the National Committee on Radiation 
Protection. Both of these groups emphasize that the numbers rep- 
resent, recommendations which should be used as guidelines, that they 
do not represent fine lines of demarcation between safe and dangerous 
conditions, and that they should only be used by experts in the field 
who are capable of evaluating and assessing all the factors involved 
in any particular situation. When these precepts are not followed, 
the only result is confusion and controversy. 

Perhaps some examples showing how MAC values are used in prac- 
tice will illustrate my discussion. The Nuclear Standards Board of the 
American Standards Association has under consideration an American 
standard for uranium mines and concentrators. This document was 
prepared by representatives of industry, State governments, insur- 
ance companies, and the Federal Government, who together repre- 
sented many years of experience in this field. It details a series of 
recommendations which, if followed, should protect the health of 
the workers without setting up unnecessarily restrictive criteria. 

Much of the standard is taken up with recommendations for inter- 
preting the National Committee on Radiation Protection’s MAC 
values for the elements of interest. In concentrators it is recommended 
that a time-weighted average of the atmospheric concentrations of 
airborne dust over a period of 13 weeks be used to estimate the work- 
er’s exposures. This period was selected primarily for administrative 
convenience and not because of any particular virtue inherent in it. 
As methods of air sampling and survey procedures can seriously af- 
fect the values obtained, suggested methods and procedures were 
given. Parenthetically, I might comment that the correct determina- 
tion of a time-weighted average atmospheric concentration is a time- 
consuming task that requires skill and experience. 

After the weighted average concentrations are determined, de- 
cisions must be made concerning the meaning and use of these num- 
bers. With nothing but the NCRP figures with which to compare 
the results of plant surveys, different interpretations would be made 
by different individuals, and therefore a series uf recommendations 
are made detailing actions that should be taken. To illustrate this 
point, the entire subsection is quoted : 

Controlled condition: If the 13-week weighted average exposure of the work- 
ers is below the MPC, the condition may be considered to be controlled and no 
action is necessary. 

Partially controlled condition: If the 13-week weighted average exposure of 
the workers exceeds the MPC but is less than five times this value, corrective 
action shall be initiated. 

Unsatisfactory condition: If the 13-week weighted average exposure of the 


workers exceeds five times the MPC, immediate action shall be taken to reduce 
the worker’s exposure and correct the condition. 
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This section of the standard is an example of a proper use of 
NCRP recommendations. It recognizes that the MPC values do not 
by themselves define safe or dangerous conditions, but that there are 
varying degrees of exposure to radioactive materials and that dif- 
ferent actions should be taken depending upon the conditions existing 
in each individual situation. 

These recommendations also infer that, in situations where the 
atmospheric concentrations vary, individual air samples or even a 
limited number of air samples are of dubious value in defining a 
worker’s exposure. This subject is discussed more completely in 
other sections of the standard and appendixes. 

A similar approach is used in the recommendations for controlling 
exposure to radon daughters in mine atmosphere. One important 
difference is that considerable reliance is placed upon the results of 
single air samples in determining what control actions should be 
taken and the urgency of such actions. This difference is due to the 
fact that in mine atmospheres the concentration of a gas in any 
single working area depends primarily upon the ventilation condi- 
tions which usually do not change from day to day. Therefore, single 
samples are reasonably representative of average conditions and may 
be used to evaluate the situation. 

Again, this particular section shows that the relationship between 
an MPC value and the concentration found by an atmospheric sample 
is only one of the factors which must be considered in deciding whether 
corrective action should be taken and, if so, what type of action. 

It must be kept in mind that MAC values for radioactive elements 
are all derived numbers. The basic value for each element is the maxi- 
mum permissible body burden listed by the NCRP from which the 
MAC for air or water is obtained by calculation. The primary rea- 
son, then, for instituting control procedures in industrial operations 
is to prevent the workers from accumulating an amount of toxic ma- 
terial that might be injurious. 

Air sampling programs are conducted to obtain data which will 
permit estimates to be made of the effectiveness of the control methods 
which are in use, but even the best procedures will not obtain sufficient 
information to permit calculation of body burdens. Therefore, it is 
unwise to rely only upon plant surveys as a means of determining the 
effectiveness of controls. 

The American standard recognizes this situation by recommending 
that bioassays be done on those men who work in dusty areas. Un- 
fortunately, body burens of natural uranium cannot be measured di- 
rectly at this time. The recommendation states that the urinary 
uranium excretion shall be determined annually prior to the worker’s 
return from vacation to estimate the uranium body burden. 

After consideration of the available data on uranium excretion a 
concentration of 200 micrograms of uranium per liter in a sample 
obtained after a minimum of 48 hours away from the plant was se- 
lected as an index point. An individual excreting more than this 
amount of uranium may have retained sufficient to be of biological 
significance. 

If we had as much knowledge of the biological meaning of urinary 
uranium concentrations as we do of how to determine these values, 
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much more definite statements could be made. At present we must 
use what information is available to select benchmarks. 

A well-conducted radiation protection program, then, involves the 
use of the different available tools which can serve as checks upon the 
entire situation and upon each other. While a great deal of public 
emphasis is placed upon MAC values, there are other approaches 
which can be used to detect serious discrepancies in these numbers and 
to indicate failures in control procedures. Thus, even though many 
of our present guidelines are not as accurate as we would like them 
to be, we do have other means of locating possibly troublesome areas. 

In summary, tables of MAC values are an indispensable tool in the 
field of radiation protection. They assist in the design of control 
equipment and operational procedures and serve as a check on the 
effectiveness of such measures. They are recommendations based on 
the best information available and should be considered as such. They 
should not be allowed or assisted to enter into legal regulatory codes 
as the sole definition of a satisfactory or unsatisfactory condition, and 
should be interpreted only by those who are capable of evaluating all 
of the factors which may be present in any situation. No handy list 
of numbers can be expected to take the place of human judgment 
exercised by a trained and perceptive observer. 

Representative Hoxirrenp. Thank you, Mr. Holaday. You have 
had quite extensive experience in the inspection of mine safety, and 
you helped us on our original conferences to set up the agenda. We 
feel that you can give us quite a bit of information on this mining situ- 
ation. Iam going to ask Mr. Toll to ask you a line of questions which 
will place on the record the information we need. 

Mr. Tox. Mr. Holaday, the Joint Committee received a letter dated 
February 12, 1960, from the AEC, summarizing the results of inspec- 
tions of 17 uranium mines operated under Federal lease. This is just 
a small sample of the total number of mines in the United States, 


being about 1.3 oe of the total domestic uranium mine production. 


According to the, AEC letter, the survey indicated that of the 17 
mines, 3 mines had radon daughter concentrations below the working 
level, 1 had an average concentration of between 1 and 3 times, 7 had 
3 to 10 times, and 6 exceeded 10 times the working level. 

Based on your experience of inspecting these mines, does this sound 
like a representative sample of all the uranium mines? 

Mr. Honapay. I will have to cast back in my memory. We get 
samples in 1 year from around 400 to 450 mines. SoI would hate to 
have my words pin me down too closely as to what they were. On the 
basis of the survey of all the mines in one State, which was conducted 
a year ago this February, this sounds like a reasonably representative 
group. In other words, split into the proportions of those which are 
less than 1 times the working level, 1 to 3, and 3 to 10, and over 10, this 
—— to be about like what we found in a batch of 74 mines in 1 

tate. 

Mr. Toit. Would it be possible for you to furnish the committee a 
copy of your results of inspection? It would be more informative 
than this comparatively narrow sample. 

Mr. Houapay. Yes. I believe in the 1959 hearings on “Workmen’s 
Compensation and Radiation” that I submitted a summary of our 1958 
samples. If not, I will get one of those and I can also get a report of 
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this particular survey which was done in 1959 in the mines in one 
State. I do not have worked up as yet our 1959 results for all the 
mines. We had perhaps 2,500 samples. 

Mr. Totx. But you will try to give us copies of what you have? 

Mr. Hoxapay. I will give you a copy of what we have available and, 
of course, get the others to you as soon as they are prepared. (See 

. 361. 

. Mr. Tou. For the purpose of these hearings, I suppose that the 
most relevant question is to determine how satisfactory this term 
“working level” is, or what it is. The letter says that the value of the 
working level is 300 micromicrocuries per liter of air alpha emitting 
daughters of radon. I have been looking at AEC regulations, part 
20, which are based on the NCRP regulations, and I can’t see how you 
get from the NCRP recommendations to this number. I wonder if 
you could either explain that or furnish for the record this calcula- 
tion that you mention in your statement, that takes you from the basic 
standards provided by the NCRP to something that is called the work- 
ing level that can actually be measured in a uranium mine. 

Mr. Honapay. The part 20 level I think we might as well forget 
about because that is a number that I don’t believe compares with the 
present NCRP recommendations, particularly. That is the one that 
was put out some time ago, and not the revision. I am referring to 
the part 20 regulation. 

Representative Hoxirretp. On this part 20, let us clear this point 
up. This is on the old level. 

Mr. Hotapay. That is on the old level. 

Representative Hoxirrevp. It has not been put into effect yet. 

Mr. Hoapay. No. 

Representative Hoxrrrecp. It has been under consideration. They 
have been working on it for about 3 years and now it is obsolete. We 
have to talk about a reduced level, have we not? I suppose they will 
put that out for consideration and we will have another 3 years, and 
then something new will come along, and in the meantime we have 
no real regulations on this point. 

Mr. Hoxrapay. The regulation we have been working under, if you 
wish to call it that, was one adopted by the uranium-producing States 
at a meeting in 1954 in Salt Lake City. 

Representative Hoxirretp. What. do you mean by the “uranium- 
producing States”? Do you mean the health departments of the 
different States ¢ 

Mr. Hotapay. They don’t have jurisdiction over the mines. It is 
the State industrial commission, State bureau of mines, or the partic- 
ular agency, whatever they call it, in each State that has jurisdiction. 
In the uranium-producing States, the seven of them that have the 
mines, they adopted this particular number by, shall be say, mutual 
agreement; in other ssl so that each State would do the same 
analysis of the air in the same way so that their numbers would be 
comparable one to the other. 

Representative Hoxirretp. This is to establish what you call the 
working level ? 

Mr. Honapay. That is right. No one felt like dignifying it by the 
term of maximum acceptable concentration or threshold limit, be- 
cause there was no feeling at the meeting that sufficient human data 
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was available to pick such a number. Therefore, the group as a 
whole would select a value that on the basis of the knowledge that 
was available would appear to be a relatively safe number, one that 
could be measured and would do for the time being until data was 
developed. 

Mr. Tou. This might have no relationship at all to the NCRP 
number ? 

Mr. Honapay. It might not. It is a little difficult for me to ex- 
plain just the difference except to state it basically this way. The 
NCRP number is derived from consideration of radiation dose to 
the lung similarly to the other body burdens that deliver a radiation 
dose to the particular organ of interest. So, starting with a fixed 
radiation dose to the lung, by calculation you derive an atmospheric 
concentration. Whereas this other number was derived by a certain 
amount of arbitrariness, such as Dr. Russell Morgan mentioned, a 
consideration of the human data that was available. Very frankly 
it appeared that a level that was in the neighborhood of radon 
daughter concentrations which had existed in many metal mines 
throughout the country was probably for operational purposes not a 
bad level to select. It wasa relatively safe one. 

Representative Horrrretp. It sounds like a very illogical base to 
start with. Just because a situation exists in metal mines, you take 
that as a basis for building your working level of standards without 
going behind the amount which might exist in metal mines which may 
or may not be deleterious. 

Mr. Hotapay. For operational purposes, though, Mr. Holifield, I 
think you must agree that the best information on which to base a 
level is what has actually happened in humans. 

Representative Hoxirrecp. But you don’t have any statistics on 
what is happening in radiation fields in humans in other types of 
metal mines, do you? 

Mr. Hotapay. We have some pretty good guesses; yes. 

Representative Horrrretp. Of radiation damage? 

Mr. Hoxapay. Not radiation damage; radiation nondamage. 

Mr. Hottrretp. Do you have statistics on radon similar to those on 
silicosis ? 

Mr. Hotapay. Yes. This, of course, gets to the point of what are 
you going to call radiation damage. These are not specific effects. 
In other words, you can only look for general effects. It is a ques- 
tion of study of mortality and morbidity of a population as a whole, 
and how does this group look as compared with other groups. 

Mr. Ramey. Have chet been studies on the effects of radon? 

Mr. Hotapay. On the upper end, the damaging end. There is no 
doubt about what the record has been. I think that has been men- 
tioned many times in congressional hearings and otherwise as to the 
results of the German and European experience. We have some 
fairly good notions of what a damaging level is. 

Mr. Ramey. Is there any statistical average of what happens at 
varying levels of radon concentration ? 

Mr. Hotapay. No. The human data is pretty poor when you get 
below the known damaging level. In other words, you back off from 
that as far as you reasonably can determine. By reasonable, I mean 
by using any types of controls that I can think of. 
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Mr. Ramey. What is the known damaging level ? 

Mr. Hotapay. I would suspect from my summaries of the European 
data somewhere between 20 and perhaps 200 times our working levels 
were quite damaging over there. The data seem to range in about 
that order. 

Mr. Ramey. We have information here apparently that they do 
go above 10. It is not stated how much above 10 times the level. 

Mr. Hotapay. Do you want a horrible example? We can find 
them. In any operation such as this, I could go into any operating 
mine and find a high concentration by merely going over some place 
where somebody was not working and had not been for a few days 
and the air had been shut off. You could build up a tremendous con- 
centration of radioactive dust. It is quite important in doing your 
surveys that you get a true picture of what is going on. Again this 
is what has confused our German data. Many of the gentlemen who 
did that survey were hunting for high concentrations and they found 
some tremendous ones. 

Mr. Ramey. Are the miners in this country in uranium mining go- 
ing from mine to mine? Are they more or less professional miners? 

Mr. Hotapay. We have about the usual situation in the uranium 
mines as you do in other metal mines. You have a group who are 
in and out of the operation. Then you have another group of profes- 
sional miners who stay with the job. They may move from mine to 
mine, but you will find them staying right along in mining. Our 
turnover in the industry as a whole has been about perhaps 50 per- 
cent a year or something like that of people in and out of the mines. 
We have a nucleus of people who have been around for 8 to 10 years 
or longer. 

Mr. Ramey. So if you take your curves on your European ex- 
perience, then you would expect that possibly the same curve would 
apply in American experience on the effects of radon to a group 
of miners that stay in the same field. 

Mr. Hotapay. This is speculation. What I would expect, I think, 
is that as our time of exposure goes on, we would expect that if there 
are going to be any deleterious results appear, they will start to ap- 
pear at about the same times as you found them start to appear in 
the European mines. In other words, a median exposure of about 17 
years when their trouble started to really become apparent. So I 
would anticipate that this would be about the picture here. I would 
not attempt to put any numbers as to what we might expect. 

Representative Houirretp. Mr. Toll. 

Representative Toru. Mr. Chairman, what I am wondering here, or 
would like information on, is this: We heard a lot of testimony on the 
fine work being done by the NCRP. They have a bunch of distin- 
guished scientists promulgating standards of guidance or whatever 
you want to call it. Then you get down to an actual practical prob- 
em, perhaps the most serious practical problem so far as radiation 
exposure is concerned, and you set the working level based on some 
completely separate set of data. I wonder what the relationship, or 
if there is a proper feedback between the two groups, the people set- 
ting working levels in uranium mines are connected up with the NCRP 
standards, or how this all ties together. Have you ever talked to the 
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people on the NCRP as to whether the working level seems to be a 
reasonable standard in the opinion of the NCRP. 

Mr. Hotapay. I have had some discussions with the group, yes, 
informally. Actually if I could measure or knew how to measure 
the NCRP level in a mine to really meet the specifications laid down 
there, I would expect that in many instances we would find that this 
concept we are using results in a little stricter control than the 
NCRP one, and in other instances a little more lax one. 

Unfortunately, the concepts which are built into the NCRP speci- 
fications are exceedingly difficult ones to measure in the field. It is 
a good laboratory procedure, but from an operational standpoint 
again, it is our feeling it is much more important at this time to have 
a method which a mine operator, or a mine-safety man, can use to see 
where he stands this morning. If he needs to change the ventilation 
he can determine this, change his ventilation, and see what good it 
has done. A somewhat less precise definition of the true hazard can 
be used in this way for quick evaluation which seems to me to be more 
useful at this moment. There does not appear to me to be over a 
factor of three difference between the two numbers in real radiation 
exposure anyway. 

Mr. Torx. A factor of three between the NCRP and yours? 

Mr. Hotapay. Yes. This could vary both ways. 

Representative Horirrerp. Between the NCRP and the ASA? 

Mr. Hotapay. And the ones that the mining States use. 

Representative Horrrtexp. Is it not true hat your NCRP levels are 
so much lower than is tolerable in the mining operation that you have 
set up a working level separate and apart from the NCRP levels be- 
cause of this factor? 

Mr. Hotapay. No, sir. In some cases where we have been able to 
do a few measurements in the field, we found if we followed the 
NCRP level we would allow the man three times as much radon 
daughters as we would by following the ASA level. They are really 
very close together. 

Representative Hotirrerp. But you don’t start worrying about it 
until it gets 10 times the level ? 

Mr. Horapay. At that level you start worrying about it to the ex- 
tent that you say in essence do no work in the area except that neces- 

sary to put in ventilation. You start worrying : about it at 114 to 2 
times the working level to the extent that you say go in and resample, 
find out what the exposure is, either get some more air into the place, 
or take the trouble to evaluate how long the man is in there and de- 
termine a weighted average exposure and so on. At a level of three 
or more times start getting more air and controls in, but continue 
mining. You can continue some mining operations. 

Representative Horrrrecp. Who does that, the State officials? 

Mr. Hotapay. This is the responsibility of the State officials, 

Representative Horirterp. Are the State officials in these nora tiny 
States—this is a bad question for you to have to answer possibly— 
of the competence in this very complicated field to handle this 
measurement ? 

Mr. Hotapay. Yes. 

Representative Horirrerp. Are they adequately staffed to make the 
number of inspections that are necessary ¢ 
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Mr. Hotapay. That would be a good question as to how many 
would be necessary. 

Representative Horzrrexp. It would depend upon the fact that 
there were enough to see that they were complying with the standards 
that were set up. 

Mr. Houapay. Mr. Holifield, I feel that this is one field where educa- 
tion of the individual workers is the most important item. The man 
up at the heading himself has more control over his destiny than the 
inspector or anybody else. If he won’t turn on the ventilation when 
he goes in there in the morning, won’t take down the ventilation duct 
before he sets off his shot in the afternoon so he won’t shoot it down 
and ruin the equipment, there is absolutely nothing an inspector or 
safety man can do about him. To get good control all the time you 
have to start with the individual miner and get it into his head that 
this is his neck and it is up to him to protect it. 

Mr. Tou. That is assuming there is a satisfactory ventilation sys- 
tem he can turn on when he goes down there. 

Mr. Hoxapay. Yes. 

Mr. Tout. The mspectors can at. least make sure there is such a 
system. 

Mr. Houtapay. The inspectors can make sure that the equipment is 
there and is capable of dog the job if it is used. 

Representative Hoirrevp. Isn’t it true that there are many small 
mines that have no ventilation equipment? 

Mr. Howapay. I don’t know the proportion of those that don’t have 
any at all. This, of course, is a rough part of this business. When 
you have an individual or a partnership operating a mine, they have 
no particular resources with which to work. 

epresentative Hosmer. You mean operating it themselves without 
employees? 

Mr. Hotapay. I think our average number of miners in the uranium 
mine would be about 15, taking the big ones and adding the little ones 
in. There are many 4- to 10-man operations, run by either an in- 
dividual or a partnership. These chaps don’t have a long pocket- 
book. They are going to do just about what they can or are convinced 
that they have to do. 

Representative HonirreLp. Here you have the economic factor in the 
environment of the mine as well as the number of people who are 
capable of going around and inspecting the mines. 

r. Honapay. That is right. 

Representative Horirretp. Within your knowledge have there been 
any mines closed down because of overexposure ? 

Mr. Howapay. Yes. 

Representative Horirretp. How many ? 

Mr. Horapar. I don’t know. I have a batch of letters. I get 
copies occasionally of some of these notices. Some of them don’t send 
them to us. 

Representative Hottrrep. Is there a difference in the quality of in- 
spection in different States? 

Mr. Horapay. Yes. Some of them will do much better than others 
for very obvious reasons. Some States will have a relatively few 
mines with a large body of ore in each mine and with a relatively 
large number of miners. These are the simple situations to control, 
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because they have the resources and can do their own work to a large 
extent. One man can get to 40 mines without too much trouble. But 
you get a lot of little mines and it is very difficult. 

Representative Hosmer. You answered Mr. Holifield’s question: 
“Are there any mines shut down because of overexposure?” and I want 
to find out what you understood him to mean by overexposure. Was 
that actually overexposure of individuals working there, or were they 
shut down because the mines did not have the proper ventilation equip- 
ment and as a consequence there was danger of overexposure ? 

Mr. Hotapay. It comes out to the same place, I believe. 

Representative Hosmer. It does not in the time scale. 

Mr. Horapay. The exact wording on such an order I would not 
know, but I think the basis for the action was the mine inspector find- 
ing high atmospheric concentrations which he considered so high, that 
as he phrased it to them, “You are hereby ordered to cease work except 
that necessary to install ventilation controls, and when these are in 
call us up and we will come out and inspect, and if we approve, you 
can start operating.” 

Representative Hosmer. In other words, it did not relate back to 
detected somatic injury to the worker. 

Mr. Howapay. No. 

Representative Hosmer. It is related to an inspection of a mine and 
finding the concentration too high because of lack of ventilation. 

Mr. Hotapay. Yes. By saying “overexposure” you make a long 
jump between a measured high atmospheric concentration and a high 
radiation dose, which may not be justified. 

Representative Houirtetp. Mr. Ramey. 

Mr. Ramey. In this Federal Radiation Council staff report they also 
comment on the difference between the NCRP and the American 
Standards Association standard, pointing out that in either event the 
concentration seems to be in excess of either standard. 

Mr. Howapay. Yes. 

Mr. Ramey. Do you think you have gone into it enough as to the 
difference between the two standards. Is the American Standards 
Association level the same as the working level adopted by the States? 

Mr. Honapay. Yes. I think probably I have. Actually I am a 
little surprised that they came out so close, one derived on the basis of 
calculation and the other arrived on the basis of working people. 
You can see that there are many wild assumptions in both approaches. 

Mr. Ramey. Do you think that there should be any more research 
done on the effects of these standards and the effects of radon on people 
in mines, so we will have this nailed down a little better as to what 
might happen and what we should be doing over the next 10:or 15 
years? 

Mr. Hotapay. Yes. There certainly should be. The point remains 
that exposure to radon and radon daughters has probably been the 
most widespread occupational exposure to radiation that there is. 
Every mine in many large mining districts in the world carries appre- 
ciable quantities of radon. This just goes with going underground. 
As a matter of fact, I can find you a dug well in Wisconsin that runs 
about 30 times our working level. The data necessary to determine 
these things is available—the human data—not all of it in this country 
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by any manner of means. If epidemiological studies could be con- 
ducted, together with the right environmental work, I think we would 
have all the answers we need on this one. 

Representative Hortrretp. Mr. Holaday, you are on this new work- 
ing group, I understand. 

Mr. Houapay. Yes, sir. 

Representative Hotirretp. Maybe you can help to tie this down a 
little more specifically in the future. 

Mr. Houapay. I will try. 

Representative Horirrerp. Thank you very much for your testi- 
mony this morning, sir. 

Mr. Hotapay. Thank you, sir. 


(The following material, referred to on p. 355, was supplied by Mr. 
Holaday :) 
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(Prepared by Grant S. Winn and Duncan A. Holaday) 


For a number of years, it has been apparent that the State of Utah should 
develop some type of regulation designed to prevent excessive exposure of workers 
to radiation resulting from the production, use, and disposal of radioactive mate- 
rials and radiation sources. However, it was recognized that intelligent formula- 
tion of suitable regulations would require a knowledge of the nature and extent 
of existing problems in the State. 

As a beginning, the department of health, in cooperation with the industrial 
commission, requested assistance from the U.S. Public Health Service to make 
a survey of the uranium mines in Utah. This survey extended over a 5-week 
period from January 25 to February 27, 1959. A total of 224 samples were col- 
lected in 74 mines. 

In order to cover the maximum number of mines with the personnel and time 
available, the investigation was limited to the measurement of radon daughter 
concentrations at working faces of the mines. These were essentially grab 
samples (5 to 10 minutes) of atmospheric particulate matter, collected by draw- 
ing measured volumes of air through millipore filters by means of battery-powered 
Gast pumps. Each sample was allowed to decay 40 to 90 minutes* and then the 
total activity measured with a Juno survey meter. 

The results (table I) are reported as multiples of the suggested working level * 
concentration. A ‘‘working level” is that concentration of radon and its daughter 
products in which a man can work 8 hours per day for a normal 40-year working 
life and suffer no detrimental effects. 

In every case, data obtained at a given mine was reported to the operator 
of that mine at the time of the survey. Thus, each operator, upon receipt of 
this report, will be in a position to evaluate the conditions in his own mine. 

For the purpose of this report, the results are expressed (table I) as the 
number of samples collected in a given district (Green River, Moab, etc.) which 
fall within each of six concentration ranges. (Individual mines are not identi- 
fied.) For example, the radon daughter concentrations in 14 of the 26 samples 
collected in the Green River district were within the safe range. Eight of the 
26 fell within the range from 1 to 3 times the safe working level, 3 in the range 
from 3.1 to 10 times the safe working level and 1 in the range from 20.1 to 50 
times the safe working level. 

From the data in the right hand column of the table I, it will be noted that of 
the total of 224 samples collected, 116 (48 percent) were 3 times the safe working 
level or above. In terms of the recommendation of the American Standards 


























Me eo Howard: “Radon Daughters in Mine Atmospheres.” AIHA Quarterly, vol. 17, 
arch 1956. 

2A “working level” is defined as 1.3105 million electron volts (Mev.) of potential 
alpha energy per liter of air for decay through radium C’ of all radon daughters present. 
This amount of alpha energy will be released by decay through radium C’ of 100 
micromicrocuries (ue.) each of radium A, radium B, and radium C, the first three 
daughters of radon. A working level concentration of radon daughters would exist if these 
elements were in radiological equilibrium with 100uc. of radon. 
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Association Committee on Radiation Protection as recorded in table II, this 
data indicates that approximately half of all the working areas sampled required 
eorrective measures to make them safe. Furthermore, 64 samples (26 percent) 
of the 224 total were 10 times the safe working level or over. Again, on the 
basis of the recommendations in table II, mining activities should have been 
suspended in about one-fourth of all the areas sampled until corrective measures 
reduced the radiation hazard to a safe level. 


RECOM MENDATIONS 


1. Each mine should have available means for determining radiation levels 
(radon daughter and gamma radiation). The American Standards Committee 
recommends that air samples be taken in all working areas at 3-month intervals, 
and whenever new areas are opened or ventilation conditions are changed. 

2. Whenever samples collected indicate excessive radiation hazard, as indi- 
cated by table II, the appropriate corrective measures should be begun imme- 
diately. In most cases the application of sound engineering principles, i.e., ven- 
tilation, bratticing, etc., would be sufficient for adequate control. The survey 
indicates that in most mines, a ventilation plan which would control siliceous 
dust would also satisfactorily control the miner’s exposures to radioactive dust 
and gas. 

3. In special cases, where unusual problems exist, competent engineering 
advice should be obtained from private firms, the State or U.S. Public Health 
Service in seeking a solution. 

4. Periodic surveys should be conducted by the State to (@) evaluate corrective 
measures taken by mine operators, (0) check the procedure and instruments 
used by the mines for sampling and advise operators as to suitable control 
procedures. 


TaB Le I.—Radon daughter samples 


District 


Concentration (x WL) 

Green Monti-| Para- |Salt Lake} San /|Thomp-| White 

River | Moab | cello dox Yaue - | Rafael} sons |Canyon/Total 
vale 





TABLE II 


ACTION POINTS 


In the table are the action points indicated for a given radon daughter concen- 
tration (expressed as multiples of the safe working level) found in a single grab 
sample collected in a mine working area, 


ACTION TO BE TAKEN 
Radon daughter 
concentration 
(X working level) 

Safe for 8 hour workday indefinitely. 

Should be resampled to determine if actual weighted average 
exposure is in hazardous range. Work need not be sus- 
pended, 

Mining may be continued only if corrective measures designed 
to lower atmospheric contamination are started immediately. 

Mining activity should be suspended until corrective mea- 
sures have reduced the radiation hazard to a safe level. 
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(Report on AEC control program for uranium mill operations 
follows:) 
ATOMIC ENERGY COMMISSION, 
Washington, D.C., February 12, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


DgeAR SENATOR ANDERSON: As you may recall, early AEC exploration on with- 
drawn lands resulted in the discovery of a number of uranium ore deposits. 
Many of these deposits were leased to private operators in support of the uranium 
production program. Although no new leases have been issued for several 
years, leases are still in effect covering 17 active underground mining operations. 

Last spring arrangements were made with the U.S. Bureau of Mines to make 
quarterly inspections of each of the mines operated under AEC lease. The 
purpose of these inspections, which were begun in July 1959, was to determine 
the need to improve safety practices and to measure concentrations in the air 
of radioactive decay products of radon (daughters) and levels of radiation 
from the ore. The first reports were received in October 1959. Such reports 
of inspections are furnished to the operators, to the State authorities, to the 
U.S. Public Health Service, to the Department of Labor, and to the AEC. 

In these reports, radon daughter concentrations are expressed as multiples 
of a working level. According to the testimony of Duncan A. Holaday of the 
U.S. Public Health Service before the Joint Committee on Atomic Energy at 
hearings on employee radiation hazards and workmen’s compensation in March 
1959, a working lével was adopted at an interagency meeting in 1954 for use 
in uranium mines as a number to which it would be desirable to see concentra- 
tions reduced. The value of the working level is 300 micromicrocuries per liter 
of air of alpha emitting daughters of radon. The working level is considered 
to be the average concentration to which a man can be continuously exposed 40 
hours a week throughout his working life without suffering discernible respira- 
tory damage. 

The following is a summary of the results as they pertain to radiation levels: 

1. Inspection reports covering the 17 active underground mining operations 
have been received. A total of 57 air samples were taken in various mine work- 
ing areas for the measurement of the concentration of alpha emitting daugh- 
ters of radon. From two to seven samples were taken in each mine. 

2. Based on the data collected, the average of samples from 3 mines had 
radon daughter concentrations below the working level; 1 had an average con- 
centration of between 1 and 3 times; 7 had 3 to 10 times; and 6 exceeded 10 
times the working level. 

3. In none of the mines was the external radiation found to be above the 
permissible exposure level as set forth in appendix C of title 10, CFR, part 20. 

4. The Bureau of Mines notes that the data reported show conditions only 
at the time and place sampled. Concentrations of radon daughters at any given 
location are known to vary widely with a number of operating conditions. Also, 
the readings do not assess the individual miners’ exposure. 

It will be seen from the foregoing that in most of the mines the radon 
daughter concentrations exceed the working level. Adequate ventilation should 
in nearly all cases correct this situation. As a result of the Bureau’s inspections 
and conferences between the mine operators and the staff of AEC’s Grand 
Junction office, most of the lessees are installing ventilating equipment or have 
it on order. In addition, in some instances, old workings of the mines are being 
closed off and the necessity for new air entries are being studied or engineered. 

Our Grand Junction staff is following this work closely. Also, reinspections 
of those mines which have had sufficient opportunity to take corrective action 
are now being scheduled by the Bureau. Every effort is being made to expedite 
the work of the Bureau of Mines and to obtain conclusive data. 

The aggregate production of the leased mines is on the order of 8,000 tons a 
month, or about 1.3 percent of the total domestic uranium mine production. At 
the time of the inspections 8 of the mines employed a total of 5 men or less each, 
8 from 6 to 20 men each, and 1 mine employed 34 miners underground. 

AEC leases, most of them short term, contain provisions requiring the lessee to 
perform all mining operations in a manner consistent with good safety standards 
and to provide adequate mine ventilation. The AEC will take such steps as 
may be necessary, including termination of leases, to insure that all of its leased 
mines are operated in a manner consistent with established safety standards. 
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As noted above, the State authorities, which have regulatory authority over 
safety conditions in mines, including radiation hazards in uranium mines, are 
being kept fully informed of the findings of the Bureau of Mines and of the 
AEC activities in this area. 

We will keep you advised of further developments. 

Sincerely yours, 
A. R. LuEpEcKE, General Manager. 


Aprit 4, 1960. 
Gen, A. R. LUEDECKE, 
General Manager, 
U.S. Atomic Energy Commission, 
Washington, D.C. 


DEAR GENERAL LuEDECKE: Confirming telephone conversation of this date be- 
tween Mr. William Finan, Assistant General Manager for Licensing and Regula- 
tion, and David R. Toll, Joint Committee staff counsel, it is requested that the 
AEC prepare a report for the Joint Committee on safety conditions in uranium 
mills and AEC actions in enforcing regulations for protection against radiation 
hazards. It is suggested that the report include a summary of inspections made, 
the radiation conditions found, and the enforcement action contemplated, if any, 
by ABC with respect to each mill. 

It is requested that 30 copies of the report be submitted to the Joint Commit- 
tee by May 1, 1960. 

Sincerely yours, 
JAMES T, RAMEY, Executive Director. 


U.S. Atomic ENERGY COMMISSION, 
Washington, D.C., May 20, 1960. 
Mr. JAMES T. RAMEY, 
Ezecutive Director, Joint Committee on Atomic Energy, Congress of the United 
States. 


Dear Mk. RAMEY: In reply to your letter dated April 4, 1960, there are at- 
tached 50 copies of a report on the uranium ore processing mills licensed under 
ABO, 10 CFR 40. 

We have included a brief report of the radiation problems associated with 
the operation of uranium mills, a discussion of the enforcement program, a 
résumé of the inspection program for the uranium mills, and a list of the mills, 
together with a summary of inspections made and enforcement actions taken, 
and a statement of radiation conditions in each mill. 

Sincerely yours, 
R. BE. HoLLincswortH, 
Deputy General Manager. 


ATOMIC ENERGY COMMISSION 


AEC RADIATION CONTROL PROGRAM FOR URANIUM MILL OPERATIONS May 11, 1960 


Radiation problems associated with the operation of uranium mills may be 
divided into two categories: potential radiation exposure to employees within 
the mill and the release of radioactivity to the environment. 

Mill employees may be exposed to airborne dust-bearing uranium because of 
rock-crushing operations in the milling process. Also, the final product of the 
mill is a powdery substance that is easily airborne. The amount of airborne 
dust varies greatly from one location to another throughout the mill. The 
crushing, sample preparation, and final product packaging areas generally have 
the highest concentrations. In some mills, airborne uranium dust concentra- 
tions are such at certain locations that if a person were continuously present 
in these areas for all of his 40-hour workweek, he would be exposed to con- 
centrations of uranium in excess of those permitted by AEC regulations. 

There is some external radiation from uranium ore. However, studies con- 
ducted by the mills and a personnel monitoring program conducted by the AEC 
have not indicated that there are sitnations where employees are exposed to 
external radiation in excess of the permissible limits. 





366 RADIATION PROTECTION 


In addition to occupational radiation problems, there are environmental prob- 
lems arising from mill operations. Radioactive materials are released in the 
form of liquid wastes to holding ponds, drywashes, and streams, and uranium- 
bearing dusts escape into the atmosphere. 

Uranium ore contains radioactive materials such as radium and thorium in 
addition to uranium. These materials are waste products and are frequently 
discharged from the mills in the form of liquid effluents. The effluents from 
some mills contain concentrations of radioactive material in excess of limits 
allowed by AEC regulations which require that concentrations be at drinking 
water levels just prior to the point where they are discharged into streams. 
The regulations provide that upon request to the Commission, the considerable 
dilution factors provided by stream waters may be taken into consideration 
when determining whether the regulations are being met. 

The dusts released to the atmosphere are primarily derived from mill processes 
involving the handling, grinding, and roasting of ores. For the most part, these 
are the same processes which create dust problems within the mill. Studies 
thus far do not indicate that dust released to the environment is a significant 
problem. 

The permissible concentrations of uranium in air are based on the premise that 
a certain amount of the dust in the air reaches the lower lung where it causes 
the greatest radiation exposure. Experts on dust problems in milling operations. 
have been consulted and they have suggested that a large portion of the dust 
created in uranium mills may be composed of particles which are too large to 
be inhaled and reach the lower lung. In an effort to determine the characteristies 
of the dust, the Los Alamos Scientific Laboratory has sampled the dust in a 
uranium mill where concentrations are particularly high. Preliminary results 
indicate that a portion of the dust may not reach the lower lung and the particle 
size of the dust is significant in defining the potential radiation hazard in the 
mill. 

The AEC’s Winchester Laboratory has been experimenting with chemical 
treatment processes designed to reduce the concentration of radioactive material 
released as liquid effluent. Results of its studies have been promising and some 
mills have adopted processes devloped by Winchester. 

Inspections of the uranium mills have been conducted since the Commission’s 
regulation 10 CFR, “Part 20: Standards for Protection Against Radiation,” 
became effective in 1957. 

It is the policy of the AEC to inspect all uranium mills which have been in 
operation over 6 months. To date, a total of 46 initial, interim, and followup 
inspections have been conducted throughout the industry. 

In conjunction with the inspection program, a personnel monitoring program 
has been conducted in 25 mills to determine exposure of employees to external 
radiation. A program for spot sampling liquid effluents and concentrations of 
airborne radioactivity was conducted in 24 mills in 1959. Results of these pro- 
grams were made available to the mills. In addition visits to 13 mills were 
made in December 1959 to review their survey p 

Two meetings have been held with mill management to explain the require- 
ments of 10 CFR 20 as it relates to uranium milling. Two other meetings were 
held to discuss techniques and procedures associated with radiation survey 
programs and to provide training in radiochemical analysis techniques. 

The AEC follows its “Rules of Practice,” contained in 10 CFR, part 2, in en- 
forcing its regulations. The mills are notified, in writing, of areas where they 
were not in compliance with AEC regulations. The mills are required to inform 
the AEC as to the corrective action taken. The AEC has issued 23 such notices 
of violation to date. 

If followup inspections of mills reveal that appropriate action has not been 
taken to correct deficiencies which were previously brought to their attention, 
the AEC then, as provided in its “Rules of Practice,” issues orders to the mills, 
requiring them to correct their deficiencies and specify in detail how and by 
when these corrections will be accomplished. Eleven such orders have been is- 
sued. Each AEC order included an opportunity for a hearing. One mill has 
requested a hearing, which is scheduled to be held on May 17, 1960, in Denver, 
Colo. 

As a result of these regulatory actions, the mills appear to have made progress 
over the past 2 years toward resolving their radiation problems and achieving 
full compliance with AEC regulations. Many currently have programs for con- 
trolling exposure to airborne dust within the mill, such as limiting the time an 
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employee occupies high concentration areas and providing respiratory protection 
devices. However, use of respirators and limitation of occupancy are con- 
sidered temporary ond most mills are continuing efforts to decrease dust con- 
centrations so that an employee could be continuously present in any work area 
and not be exposed in excess of permissible limits. Many mills are modifying 
or installing additional ventilation equipment and recently some mills have re- 
ported that all of their occupied areas have air concentrations less than the 
maximum permissible concentration. One mill is using television and remote 
control systems which permit operation of the mill without having workers 
enter dusty areas. 

Many mills have been successful in reducing the quantity of radioactive ma- 
terials discharged into the environment by utilizing large holding ponds or adopt- 
ing procedures recommended by Winchester Laboratory. Some mills are now 
recirculating their effluents. Additional methods are currently being examined 
by the mills. 

Data concerning radiation conditions associated with uranium milling opera- 
tions has been gathered by the AEC, Public Health Service, State health agen- 
cies, and uranium mills. The data which have been studied by the AEC do not 
indicate that there is an immediate hazard to public health and safety. In the 
absence of such a finding, the AEC has not taken action to stop operation of 
any mill. Rather, the AEC, under its enforcement procedures, has required the 
mills to initiate comprehensive programs of environmental sampling and radio- 
chemical analysis to indentify problem areas. Where necessary, the mills are 
required to make modifications or changes in processes and equipment. 

The AEC is taking the action considered necessary under its rules of practice 
to enforce its regulations. The mill enforcement program is a continuing 
one and frequently involves extensive modifications of the mills. Since there 
is no indication of an immediate hazard to public health and safety, the AEC 
is allowing time for the mills to achieve compliance in an orderly manner so 
long as the mills continue to demonstrate adequate progress toward achieving 
compliance. The Commission is prepared to take steps to suspend or revoke 
any license if this becomes necessary. 


RADIATION CONDITIONS IN SPECIFIC URANIUM MILLS 
1, ANACONDA CORP. 


Startup 1953. Inspection January 1958. AEC spot samples August 1959. AEC 
survey review December 1959. Notice of violation May 1958: Deficiencies 
in surveys, posting, and labeling. 


The Anaconda Corp.’s uranium mill is located approximately 8 miles from 
‘Grants, N. Mex. It is a large mill which processes about 3,000 tons of uranium 
ore per day. 

Latest information indicates that the survey programs to determine air con- 
centrations within the mill are not conducted on a frequent enough basis. 
However, the mill has installed dust collection equipment, and general cleanli- 
hess appears to be acceptable. However, the final product packaging area may 
require further modification to reduce dust concentrations. Respirators are 
worn for some operations. 

There is no runoff of liquid wastes from the mill’s tailings pond which is 
located about 3 miles from the Rio San Jose River. Anaconda is conducting a 
research program for the disposal of liquid wastes in deep wells extending far 
below usable ground water. Extensive environmental surveys are being made 
in conjunction with this program. 


The mill is currently being inspected to determine whether further enforce- 
ment action is necessary. 


2. CLIMAX URANIUM CORP. 


Startup 1951. Inspection December 1957, January 1959. AEC spot samples 
September 1959. ANC survey review December 1959. Notice of violation 


May 1958: Deficiencies in surveys, posting, labeling, and security of radio- 
active materials in storage. 


The Climax Uranium Corp.’s mill is located in Grand Junction, Colo. It 


Sa lore approximately 150 people and processes about 330 tons of uranium vre 
per day. 
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Climax instituted an extensive survey program in 1958. Housekeeping is 
good and air concentrations of radioactive material are satisfactorily low in 
the mill with the exception of the packaging area. This area has recently 
been modified and the expected lowering of air concentrations will be evaluated 
by the AEC when the most recent survey data is available. 

The mill is exceeding permissible limits for the discharge of radioactive ma- 
terials into unrestricted areas at the point where these materials leave a fur- 
nace stack. However, Climax has conducted an extensive air sampling pro- 
gram in the mill environment to show that the discharge is safe because of 
great air dilution factors. Its survey data along with a request to continue 
operation in the present manner has been submitted to the AEC. These data 
are currently being evaluated. 

Climax has recently enlarged its liquid effluent holdup pond to prevent any 
direct flow of waste liquid to the Colorado River. Some seepage does occur 
and surveys are currently being made to determine the amount of radioactive 
material reaching the river through seepage. 


8. COTTER CORP. 


Startup 1958. Inspection March 1959. AEC survey review December 1959. 
Notice of violation June 1959: Deficiencies in surveys, posting and labeling. 


Cotter Corp. is located about 2 miles south of Canon City, Colo. It employs 
about 36 people and processes approximately 200 tons of uranium ore per day. 
There is no runoff of liquid wastes from the mill’s tailings pond. 

Dust and housekeeping conditions in this mill appear to be average. The 
mill started a survey program in March 1959. The results indicated a need to 
modify the final product packaging area if the operator is to work in the area 
40 hours per week without using a respirator. Some changes in the ventilation 
arrangement have recently been made in this area. 

Dust conditions have changed because of modifications in ventilation equip- 
ment. Also, its survey program has been modified since it began. A fluorometric 
laboratory was under construction in the latter part of 1959. These changes and 
modifications will be evaluated to determine whether additional enforcement ac- 
tion is necessary. 

4. DAWN MINING CO. 


Startup 1957. Inspections May 1958, May 1959. AEC spot samples September 
1959. AEC survey review December 1959. Notice of violation September 
1958: Deficiencies in surveys, posting, and labeling. Order November 1959: 
Deficiencies in surveys, posting, and maintenance of records. 


The Dawn Mining Co., mill is located near Ford, Wash. It employs about 65 
people and processes approximately 440 tons of uranium ore per day. 

The mill has been required to submit monthly reports to the AEC since Janu- 
ary 1960. Some modifications have been made in the mill to reduce concentra- 
tions of radioactive material in the air. The latest report indicates that the 
crushing plant basement and yellow cake sampling areas have airborne radio- 
active concentrations above AEC standards for 40-hour occupancy. Although 
these areas are not occupied 40 hours per week, measures are being taken to 
reduce dust and the results will be evaluated. 

There is no runoff of liquid wastes from the tailings pond. A river located 1 


mile from the pond is sampled to detect seepage and latest results indicate no 
contamination is reaching the river. 


5. GUNNISON MINING CO. 


Startup 1958. Inspections April 1958, March 1959. AEC spot samples September 
1959. Notice of violation September 1958: Deficiencies in surveys, posting, 
and labeling. Order November 1959: Deficiencies in surveys, posting, and 
maintenance of records. 


The Gunnison Mining Co., mill is located 1 mile southwest of Gunnison, Colo. 
It employs 45 people and processes approximately 200 tons of uranium ore per 
day. 

The AEC has required the mill to submit monthly reports since January 1960, 
describing current radiation conditions in the mill and modifications which are 
being made to correct adverse conditions. The latest data showed that one oper- 
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ational area requires further evaluation with respect to exposure of personnel 
to concentrations of radioactive material. Respirators are worn where needed. 

There is no runoff of liquid wastes. However, a nearby stream is surveyed to 
detect seepage from the tailings pond should it occur. 


6. HOMESTAKE-NEW MEXICO PARTNERS 


Startup 1958. Inspection January 1959. AEC spot samples September 1959. 
AEC survey review December 1959. Notice of violation June 1959: De 
ficiencies in surveys, posting, and labeling. 


The Homestake-New Mexico Partners mill is located about 5 miles north of 
Grants, N. Mex. It employs about 65 people and processes approximately 750 
tons of uranium ore per day. 

Cleanliness in the mill is exceptionally good. An air survey program was 
started early in 1959 and some modifications were made to reduce dust concen- 
trations. The mill reported in October 1959 that no area in the mill could be 
found where concentrations of airborne radioactive material exceed AEC stand- 
ards for 40-hour occupancy. However a more recent review of the license records 
indicates that further evaluation of airborne concentrations is required. 

There is no runoff of liquid waste from the mill’s tailings pond. Test holes 
have been dug around the pond to detect seepage. The mill reported that no 
seepage was found. 

7. HOMESTAKE-SAPIN PARTNERS 


Startup 1958. Inspection January 1, 1959. AEC spot samples September 1959. 
AEC survey review December 1959. Notice of violation June 1959: De 


ficiencies in surveys, posting, labeling, and security of radioactive materials 
in storage. 


The Homestake-Sapin Partners mill is located 5 miles north of Grants, N. Mex. 
The mill employs about 100 people and processes approximately 1.500 tons of 
uranium ore per day. There is no runoff of liquid wastes from the mill’s tail- 
ings pond. 

The mill instituted an air survey program in January 1959. As a result of 
their survey findings, modifications were made in the packaging area to reduce 
dust concentrations. Also, respirators are worn by operators in the crushing, 
sampling, and packaging areas, and housekeeping procedures were revised to 
improve general cleanliness. 

The most recent review of the mill’s survey program indicates a need for im- 
provement both in frequency of sampling and the locations covered. 


8. KERMAC NUCLEAR FUELS CORP. 


Startup 1958. Inspection January 1959. AEC spot samples September 1959. AEC 
survey review December 1959. Notice of violation June 1959: Deficiencies 
in surveys, posting, and labeling. 


The Kermac mill is located about 20 miles from Grants, N. Mex. It has a 
rated capacity of about 3,300 tons of uranium ore per day and employs approxi- 
mately 120 mill and maintenance people. 

Air concentrations of uranium dust appear to be acceptable except in the 
finished product areas where uranium concentrations are generally above AEC 
standards for 40-hour occupancy. Efforts are being made to make the neces- 
sary equipment modifications to correct the condition. Workers are provided 
respiratory protective equipment to be worn in dusty areas. 

Some dusts are being released to the external environment, but its uranium 
content has not been fully evaluated. Liquid effluents are discharged to large 
tailings ponds from which no liquids overflow. The mill has drilled special bore 
holes around the tailings ponds and periodically samples these holes for seep- 
age from the ponds. Well and mine waters in the surrounding areas are 
checked on a bimonthly schedule for increases in contaminants. Preliminary 
results indicated no problem exists. 
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9. KERR-M’GEE OIL INDUSTRIES, INC. 


Startup 1955. Inspection January 1958. AEC spot samples August 1959. AEC 
survey review December 1959. Notice of violation May 1958: Deficiencies 
in surveys, posting, and labeling. 

The Kerr-McGee mill is located about 1 mile from Shiprock, N. Mex. The mill 
processes approximately 300 tons of uranium ore per day and employs about 
130 persons. 

The mill has sampled various process areas considered to be potential air- 
borne activity problem area. However, the sampling program does not appear 
adequate to fully evaluate dust conditions in the mill. The mill has instituted 
improvements in equipment, facilities, and process methods to decrease air- 
borne radioactivity. The effects of these improvements have not yet been fully 
evaluated. 

Liquid effluents are discharged to a series of settling ponds from which part 
of the liquids are recycled through the mill, and the remainder is lost through 
evaporation or percolation into the underlying soil. There is no overflow of 
liquid effluents from the settling ponds. Since the settling ponds are located 
within a few hundred yards of the San Juan River, river water samples are 
being analyzed to detect any contamination reaching the river through seepage 
from the ponds. Results of mill river water studies are not presently available. 
River water samples taken and analyzed by the AEC indicate no detectable 
increase in river concentrations for radium and thorium. 


10. LAKEVIEW MINING CO. 


Startup 1958. Inspection May 1959. AEC spot samples October 1959. AEC 
survey review December 1959. 

The mill is located at the edge of Lakeview, Oreg. It processes about 200 tons 
of uranium ore per day and employs 34 persons. 

The mill is cleaner than average due to the high moisture content of the 
ores processed. AEC spot samples suggest that personnel exposures to airborne 
concentrations of radioactive materials may be within AEC standards. However 
the licensee has instituted a survey program to make further evaluations. 
Liquid effluents are discharged to tailings ponds from which there is no liquid 
overflow. The high clay content of the soils in the mill area minimizes seepage 
from the ponds. No seepage from the ponds has been detected. 


11. LUCKY M’URANIUM CORP. 


Startup 1958. Inspection August 1958. AEC spot samples September 1959. 
Notice of violation November 1958: Deficiencies in surveys, posting, and 
labeling. 

Lucky McUranium Corp.’s mill is located 50 miles east of Riverton, Wyo. It 
employs about 150 people and processes approximately 1,000 tons of uranium 
ore per day. 

General cleanliness of the mill appears excellent. Further survey and evalua- 
tion is required to determine personnel exposures. There is no runoff of waste 
liquid ‘from the tailings pond which is located in the desert. 


12. MINES DEVELOPMENT, INC. 


Startup 1956. Inspections February 1958, April 1959. AEC spot samples 
September 1959. Notice of violation June 1958: Deficiencies in surveys, 
posting, and labeling. Order November 1959: Deficiencies in surveys. 


The Mines Development, Inc., mill is located near Edgemont, S. Dak. It 
employs about 60 people and processes approximately 400 tons of ore per day. 
There is no runoff of liquid effluents from the tailings pond. 

Mines Development was ordered by the AKC to furnish information regarding 
eurrent survey programs and radiation conditions in the mill. A hearing regard- 
ing this order was requested by the mill. It is scheduled to be held on May 
17, 1960. 
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13. PHILLIPS PETROLEUM CO. 


Startup 1958. Inspection January 1959. AEC spot samples September 1959. 
AEC survey review December 1959. Notice of violation May 1959: Deficien- 
cies in surveys, posting, and labeling. 


The mill is located 23 miles from Grants, N. Mex. It processes about 1,700 
tons of uranium ore per day and employs approximately 140 persons. 

Mill surveys conducted by the mill indicated that several areas had airborne 
concentrations in excess of AEC standards for 40-hour occupancy. Some equip- 
ment and installation modifications have been made in an effort to reduce these 
concentrations. The effects of these recent modifications and the completeness 
of the mill’s air sampling program have not yet been evaluated by the AEC. 

Mill liquid effluents are discharged to a large settling pond from which there 
is no liquid overflow. Two test wells, approximately 30 feet deep and downhill 
from the pond, are periodically checked for pond seepage. None has been 
observed. The effluent settling pond is located several miles from the Rio San: 
Jose, the nearest river. 

14. PORTER BROS. CORP. 


Inspection September 1957. Notice of violation January 1958: Deficiencies in 
surveys. 

The Porter Bros. Corp. plant is located at Lowman, Idaho, This plant is 
not an ordinary uranium mill. Sands are dredged from a riverbed in Bear 
Valley and passed through magnetic separators which extract euxenite, @ 
thorium-uranium bearing sand, from other materials. In June 1959, Porter 
Bros. informed the AEC that a new ventilation system had been installed in 
the plant and that air surveys would be made. The effectiveness of the new 
ventilation system has not yet been evaluated by the AEC. 

Porter Bros. has no liquid wastes. 


15. RARE METALS CORP. OF AMERICA 


Startup 1956. Inspections April 1958, April 1959. AEC spot samples September 
1959. Notice of violation June 1958. Deficiencies in surveys, posting, 
and labeling. Order November 1959. Deficiencies in exposure of em- 


ployees to airborne concentrations of radioactive material, surveys, and 
maintenance of records. 


The Rare Metals Corps. of America mill is located 7 miles northeast of Tuba 
City, Ariz. It employs about 100 people and processes approximately 300 tons 
of uranium ore per day. 

The AEC has required the mill to submit monthly reports since January 
1960, outlining radiation conditions in the mill and modifications which are 
being made to correct adverse conditions. A number of modifications have 
recently been made to reduce dust concentrations. As of April 1960, only the 
grizzly area was reported to have airborne radioactivity concentrations which 
were slightly in excess of the AEC standard for 40-hour occupancy. Further 
modification of this area is anticipated. Respirators are used by employees. 

There is no runoff of waste liquids from the tailings pond. Wells and springs 
near the mill have been sampled to determine if waste liquid is seeping from 
the tailings pond. No contamination has been found. 


16. SUSQUEHANNA-WESTERN, INC. 


Startup 1959. Inspection November 1959. AEC spot samples October 1959. 


The Susquehanna-Western, Inc., mill is located about 4 miles south of River- 
ton, Wyo. It employs about 88 people and processes approximately 500 tons. 
of ore per day. 

Since the mill began operations in 1959, an extensive number of air samples 
have been taken. These indicate that some areas of the mill have concentra- 
tions of airborne radioactivity in excess of that permitted for 40-hour occu- 
pancy. The survey data is being evaluated by AEC to determine what en- 
forcement action should be taken. 

There is no liquid waste runoff from the tailings pond. Water samples 


have been taken from wells near the tailings pond to detect seepage. No con- 
tamination has been found. 
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17. TEXAS-ZINC MINERALS 


Startup 1957. Inspections April 1958, April 1960. AEC spot samples August 
1959. AEC survey review December 1959. Notice of violation July 1958: 
Deficiencies in surveys, posting, and labeling. 

The Texas-Zine Minerals mill is located 1 mile south of Mexican Hat, Utah. 
It processes about 1,000 tons of uranium ore per day. 

Texas-Zine has submitted quarterly reports to the AEC since September 
1958 outlining their radiation control program. The latest report indicates 
that the yellow cake precipitation area is the only location where radioactive 
dust concentrations may exceed AEC standards for 40-hour occupancy. The 
report specified modifications to be made in this area and noted that the oper- 
ator currently wears a respirator. 

Liquid wastes flow into the San Juan River. Surveys indicate that the 
radium and thorium content of the wastes may be excessive at the point it 
enters the river. Further surveys are being made to determine the amount of 
dilution provided by river water prior to the water reaching points of domestic 
use. 

18. TRACE ELEMENTS CORP. 


Startup 1957. Inspections March 1958, January 1959, December 1959. AEC 
spot samples August 1959. Notices of violation May 1958: Deficiencies in 
surveys, posting, and labeling. Order May 1959: Deficiencies in surveys and 
posting. Notice of violation May 1960: Deficiencies in surveys, posting, 
and discharge of radioactive materials in liquid effluents. 

The Trace Elements mill is located 6 miles northeast of Maybell, Colo. It 
employs approximately 65 workers and processes about 300 tons of uranium ore 
per day. 

The mill has installed air cleaning and control equipment in the dusty mill 
areas. As a result, the company has reported that its most recent air sampling 
results indicate that all occupied areas in the mill have uranium air concentra- 
tions below the AEC standard for 40-hour occupancy. 

Liquid effluents containing radium in excess of AEC limits are being dis- 
charged to a dryland area not owned or controlled by the licensee. During 
most of the year, the effluent solution seeps or evaporates and never reaches the 
Yampa River which is approximately 5 miles away. The mill has recently been 
required to present within 30 days the program that it will follow in gathering 
further data on its effluent discharge. 


19. UNION CARBIDE NUCLEAR CORP. ; GREEN RIVER MILL 


Startup 1951. Inspections May 1958, February 1959, December 1959. AEC spot 
samples August 1959. Notice of violation November 1958: Deficiencies in 
surveys, posting, labeling, and security of radioactive materials in storage. 
Order May 1959: Deficiencies in surveys and posting. 

The U.C.N.C. Green River mill is located about 1 mile southeast of Green 
River, Utah. The mill processes approximately 300 tons of uranium ore per 
day. 

Dust and housekeeping conditions within the mill appear to be very good. 
Recent results of the mill’s air sampling program indicate that all work areas 
have uranium air concentrations below the AEC standard for 40-hour occupancy. 
The mill had recently installed additional dust collecting equipment. 

The company has developed an air sampling program to evaluate the effect of 
stack effluents on the environment. 

All solid and liquid tailings are collected in a central tailings pond. There 
is some seepage from the pond at all times, and occasionally the pond over- 
flows. These liquids flow down a wash for approximately 3,000 feet where they 
enter the Green River. Analysis results of river water indicate that the river 
radium concentrations are well within AEC standards. The mill has proposed 
that the wash will be fenced between the tailings pond and the river to prevent 
livestock entering the wash area. 

On August 19, 1959, a flash flood resulted in the washing of solid tailings 
material down the wash into the Green River. AEC and mill personnel con- 
cluded from their surveys and studies that the incident would not result in an 
exposure of people to excessive concentrations of radioactive material. The 
mill is taking steps to prevent a recurrence of such solids runoff. 
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20. UNION CARBIDE NUCLEAR CORP.; RIFLE MILL 


Startup 1947. Inspections May 1958, April 1959, November 1959. AEC spot sam- 
ples August 1959. Notice of violation December 1958: Deficiencies in sur- 
veys, posting, and labeling. Order November 1959: Deficiencies in exposure 
of employees to airborne concentrations of radioactive material, surveys, 
and posting. 


The UCNC Rifle mill is located 1 mile southwest of Rifle, Colo. It processes 
about 400 tons of uranium ore per day. 

UCNC has been required to submit monthly reports to the AEC since January 
1960 describing radiation conditions in the mill. Ventilation equipment has 
recently been installed in many locations throughout the mill and the latest 
report indicates that the yellow cake building has radioactive dust concentra- 
tions slightly above AEC standards for 40-hour occupancy. Operators currently 
wear respirators in this area and further improvements are being made. 

The mill is now recirculating their radioactive liquid wastes back into the 
process instead of discharging them to the Colorado River as it had done in the 
past. The river is being surveyed to assure that other mill liquid effluents dis- 
charged to the river do not constitute a radiation problem. 


21. UNION CARBIDE NUCLEAR CORP.; SLICK ROCK MILL 


Startup 1958. Inspection May 1958. AEC spot samples September 1959. AEC 
survey review December 1959. Notice of violation December 1958: Defi- 
ciencies in surveys, posting, labeling, and security of radioactive materials 
in storage. 

The UCNC Slick Rock mill is located near Slick Rock, Colo. It employs about 
40 people and processes approximately 400 tons of uranium ore per day. 

The mill’s survey data as of December 1959 indicated that the sample bucking 
room and the cluster bins have concentrations of airborne radioactivity above 
AEC standards for 40-hour occupancy. Operators wear respirators in these 
areas. Equipment modifications were being made as of December 1959 to re- 
duce dust concentrations. The results of these modifications have not yet been 
evaluated by the AEC. 

There is no waste liquid runoff from the tailings pond ; however, seepage to the 
Dolores River may occur. The mill plans to recirculate radioactive liquid 


wastes through rather than discharge them to the tailings pond to eliminate 
any seepage problem which may exist. 


22. UNION CARBIDE NUCLEAR CORP.; URAVAN MILL 


Startup 1950. Inspections December 1957, January 1959, November 1959. AEC 
spot samples August 1959. Notice of violation May 1958: Deficiencies in 
maintenance of records, security of radioactive materials in storage, post- 
ing, and labeling. Order May 1959: Deficiencies in surveys and posting. 

The mill is located near Uravan, Colo., a town of 400 population, wholly owned 
by the UCNC. The mill processes approximately 1,000 tons of uranium ore per 
day. 

Air concentrations of uranium in most mill areas are below AEC standards 
for 40-hour occupancy. In those areas above the standards, employee occupancy 
presently is being limited to less than 40 hours per week to prevent overexposure. 
The mill has made progress in eliminating dust release into work areas and is 
practicing good housekeeping methods. The mill has recently reported that 
its inplant air sampling program has been corrected to bring it into compliance 
with AEC requirements. 

Mill liquid effluents being discharged to the San Miguel River contain con- 
centrations of radioactive materials above AEC standards at the point where 
wastes enter the river. Downstream water samples are within AEC standards 
for radioactivity content. Studies conducted by the mill indicate that San 
Miguel River waters are not used for domestic purposes or for irrigation and 
that its waters are greatly diluted as it joins the Dolores River. The mill is 


installing new equipment to remove dissolved radioactive contaminants from 
liquid effluents. 
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23. URANIUM REDUCTION CO. 


Startup 1956. Inspections December 1957, February 1959. AEC spot samples 
August 1959. Notice of violations May 1958: Deficiencies in surveys, post- 
ing, and labeling. Order July 1959: Deficiencies in surveys. 

The mill is located 1 mile from Moab, Utah. It processes approximately 1,500 

tons of uranium ore per day. 

The mill has established an extensive air sampling program within the past 
year and made recent equipment and installation modifications for the purpose of 
decreasing mill dust concentrations. The effects of these changes have not yet 
been fully evaluated by the AEC. 

Preliminary environmental air survey results indicate that the mill stack 
effluents are not resulting in uranium air concentrations near ground level in 
offsite areas above AEC standards. The mill plans to continue the offsite air 
sampling program on an annual basis. 

Liquid effluents discharged into the Colorado River may exceed AEC standards. 
The mill has developed an extensive environmental survey program in conjunc- 
tion with liquid waste experiments to develop methods of waste treatment 
and disposal that will meet AEC standards. 


24. VANADIUM CORP. OF AMERICA 


Startup 1949. Inspections January 1958, March 1959, January 1960. AEC spot 
samples July 1959, August 1959. Notice of violations May 1958: Deficiencies 
in surveys, posting, labeling, and security of radioactive materials in storage. 
Order May 1959: Deficiencies in exposure of employees to airborne con- 
centrations of radioactive material, surveys, discharge of radioactive 
materials in liquid effluents, posting, and maintenance of records. 


The Vanadium Corp. of America’s mill is located in Durango, Colo. It em- 
ploys about 200 people and processes approximately 750 tons of uranium ore 
per day. 

During 1959, the mill installed ventilation equipment which somewhat reduced 
airborne concentrations of radioactive material. However, dust conditions in 
the mill are still unsatisfactory. The AEC has taken a number of air samples 
in the mill to determine radiation conditions and has consulted an expert in 
ventilation and dust control to assist in this problem. The expert recommended 
that additional studies be made regarding particle size of dust to which employees 
are exposed. The Los Alamos Scientific Laboratory has made such a study. The 
preliminary results of its analyses were reviewed with representatives of the AEC 
on April 29, 1960. The preliminary data indicate that while there is no immediate 
hazard to employees, dust conditions in the mill are such that some employees may 
be exposed to concentrations of radioactive material in excess of AEC standards, 
and dust conditions in the mill must be improved. The data are being studied 
by the AEC to determine the most suitable course of action to improve conditions 
in the mill. 

Early in 1959, the mill was discharging radioactive waste to the Animas River 
in excess of AEC standards. Since then, as the result of AEC orders, VCA has 
installed a barite treatment process and is using an evaporation seepage pond. 
A recent study of the Animas River conducted by the Public Health Service indi- 
cates that conditions are now satisfactory with respect to radioactive material 
in the river. 

25. VITRO URANIUM CO. 


Startup 1951. Inspections February 1958, February 1959, December 1959. AEC 
spot samples July 1959. Notice of violations June 1958: Deficiencies in sur- 
veys, posting, labeling, and security or radioactive materials in storage. 
Order May 1959: Deficiencies in surveys, 


The Vitro Uranium Co. mill is located in Salt Lake City, Utah. It employs 
about 175 people and processes 650 tons of uranium ore per day. 

Vitro started an extensive air survey program early in 1959 and numerous 
modifications of equipment and procedures have since been made in an effort to 
reduce dust concentrations. The December 1959 inspection revealed that further 
modifications should be made in the crushing, sampling, and packaging areas. 
In a letter, dated April 22, 1960, Vitro outlined steps it is taking to reduce dust 
in these areas. 
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Liquid wastes flow into the Jordan River. Further study of the liquid effluent 
problem is required. 


26. WESTERN NUCLEAR CORP. 


Startup 1957. Inspections February 1958, April 1959. AEC spot samples Septem- 
ber 1959. AEC survey review December 1959. Notice of violations May 
1958: Deficiencies in surveys, posting, and labeling. 

The mill is located about 4 miles north of the town of Jeffrey City, Wyo. It 
processes approximately 850 tons of uranium ore per day and employs about 100 
persons. 

Improvements in the mill’s air sampling program at the time of the last 
inspection appeared to be necessary. Available data indicated that the only mill 
areas with air concentrations in excess of AEC levels were the yellow cake areas. 
Several equipment and facility modifications had been made without success in 
reducing uranium air concentrations. The mill manager indicated that further 
steps were being taken to reduce the uranium in air. These steps were to 
include the installation of a new yellow cake drying furnace which was then on 
order. Current information regarding radiation conditions and survey programs 
have recently been requested in connection with a renewal of their AEC license. 
A reply has not yet been received. 

Liquid wastes are impounded in a diked natural basin from which there is 
no overflow. All liquids are evaporated or seep into the underlying soil. The 
area is far removed from domestic wells and flowing streams. 

27. In addition to the above, the following uranium mills are licensed by the 
AEC but have just recently gone into operation or are planning to go into opera- 
tion in the near future. They have not been visited by AEC personnel. 

Federal-Radorock, Fremont County, Wyo. 

Globe Mining, Natrona County, Wyo. 

Salmon River Uranium Development, Inc., Salmon River, Idaho. 

Sawyer Petroleum Co., Glen, Mont. 


(Additional correspondence on uranium mines follows :) 


U.S. Atomic Enercy CoMMISSION, 


Washington, D.C., June 16, 1960. 
Hon. CLIntTon P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR SENATOR ANDERSON: In our letter of February 12, 1960, we reported on the 
status of a group of 17 uranium mines, located on withdrawn lands and leased 
by the AEC to private operators, which have been under study as to radiation 
hazards since July 1959. The purpose of this letter is to advise you of recent 
information on this matter. 

The recent inspections, following installation of additional ventilation equip- 
ment and sealing off of nonoperating mine areas, indicate that most mine 
operators can, without prohibitive cost, reduce radon concentration to or below 
the working level of 300 micromicrocuries per liter of air. Ventilation, however, 
must be extended to the working faces as such faces are advanced. The work 
in progress is continuing and is expected to result in further improvement. 

Since our earlier report 3 of the 17 mines have been closed due to exhaustion 
of ore reserves. In the remaining 14 mines, whenever inspection and sampling 
have indicated that any section of a mine has a radon daughiter concentration 
in excess of five times the permissible or working level, mining has been sus- 
pended in that section pending completion of ventilation improvements. As a 
result of the latest survey undertaken in May 1960, mining has been suspended 
for, this reason in a total of one or more working places in four of the mines. 
Excluding samples taken in these now inactive working places, data obtained 
during the latest survey disclose the following: 

1. Eight mines have improved operations to such an extent that the average 
concentrations of radon daughters in the activé working places in these mines 
are less than required for compliance. In the case of one mine in this group 
operations have been temporarily suspended in two working places pending 
installation of some additional ventilation. 

2. Each of the other six operating mines has made improvements which have 
substantially lowered the radon daughter concentrations to levels approaching 
compliance. The average of samples taken from presently active working places 
in five of these mines shows concentrations of from one to two times the working 
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level, whereas the average concentration in the sixth mine is slightly above 
three times the working level. In the case of three mines in this group, opera- 
tions have been temporarily suspended in a total of five working places pending 
the installation of some additional ventilation. 

By comparison, we reported in February that sampling disclosed only 3 mines 
with radon daughter concentrations below the working level, 1 with an average 
concentration of between 1 and 8 times, 7 with average concentration of 3 to 10 
times, and 6 in excess of 10 times the working level. 

The results of the Commission’s studies in attempting to bring AEC’s leased 
mines into compliance point up the general problems involved in reducing radia- 
tion hazards in uranium mines. It is essential that there be continuing surveil- 
lance both by management and others having jurisdiction over mines to insure 
that adequate ventilation is maintained at all working places at all times. 

Sincerely yours, 













A. R. LUEDECKE, General Manager. 





Representative Hoxirre.p. Our final witness for the morning will be 
Dr. Francis Weber, Chief of the Division of Radiological Health of 
the U.S. Public Health Service. 






STATEMENT OF FRANCIS J. WEBER, M.D.,1 CHIEF, DIVISION OF 
RADIOLOGICAL HEALTH, BUREAU OF STATE SERVICES, PUBLIC 
HEALTH SERVICE, U.S. DEPARTMENT OF HEALTH, EDUCATION, 

AND WELFARE 








Dr. Wezer. I appreciate the privilege, Mr. Chairman, of appearing 
here. 

The CuatrmMan. You might start off by telling us what is the Public 
Health Service responsibility in the mining area. 

Dr. Weser. As I understand it, Mr. Holifield, our responsibility 
would not be a direct one in terms of inspection or correcting condi- 
tions. We would work through the States. 

Mr. Ho.irrecp. How about the contamination of streams by the 
waste material from mines? 

Dr. Weser. If this is an instance of interstate streams contamina- 
tion, then we do have a responsibility. As a matter of fact, this is 
described in the report. 

Mr. Hotirretp. From the standpoint of conditions within a State, 
intrastate, you actually would have no authority at all except in an 
advisory way, working through the State health groups? 

Dr. Weper. We have an indirect authority in our law in that the 
law enjoins the Surgeon General to assist the States in the enforce- 
ment of their regulations governing health hazards within the State. 

Mr. Ho irtetp. Do you have any peculiar authority in mines that 
are owned by the AEC ? 

Dr. Wezer. We do not. 

Mr. Houtrtevp. As differentiated from a privately owned mine. 

Dr. Wezer. No, sir; we donot. We work with the AEC, however, 
on a consultative basis. 

Mr. Hotirrerp. You may proceed with your statement. 

Dr. Weser. Thank you, Mr. Chairman. 

This is a summary of the main report, which I would appreciate 
being accepted for the record. 






























1 Biography of Dr. Francis J. Weber appears with his earlier testimony on p. 158. 
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Mr. Houirtevp. It will be accepted. 
Dr. Weser. It contains the details that the summary covers. 
(The prepared statement of Dr. Francis J. Weber follows:) 


CONCEPTS OF PRACTICAL APPLICATION OF RADIATION PROTECTION CRITERIA AND 
STANDARDS 


By Francis J. Weber, M.D., Chief, Division of Radiological Health, Bureau of 
State Services, Public Health Service, U.S. Department of Health, Education, 
and Welfare 


I, INTRODUCTION 


Proper practices in radiation protection constitute a subject equal in com- 
plexity and importance to the other topics already considered during these hear- 
ings. All radiation is considered hazardous, and the variety of individual 
sources of radiation dictates different modes of operation with respect to each 
type of source. Problems engendered by fallout require one type of procedure; 
radioactive wastes a different one; medical X-ray management still another. 

Health agencies, in view of their responsibilities for overall health protection 
and for promoting optimum health in the general population, have an interest 
in such matters. As a prelude to applying standards in practice, a health agency 
will want to know what the general population exposure is, or has been, and the 
circumstances of it. In making these determinations, certain techniques are 
employed, and findings are judged in relation to recognized radiation protection 
guides. Thus, data derived from measurements of water, air, milk, and of other 
factors influencing dietary intake, are evaluated to determine whether the 
exposure experienced meets standard criteria. At the same time, some attempts 
are made, in the case of internally absorbed radioactive materials to estimate 
body burden, as well as other types of estimates to assess possible cumulative 
effects from external sources like the X-ray. This furnishes an index to popu- 
lation status as related to radiation, and renders possible application of sta- 
tistical techniques to provide rough estimates of probable somatic and genetic 
effects in the population at risk. 

Although public health interest in radiation exposure centers in the popu- 
lation itself and the more immediate circumstances of the exposure, this in- 
terest is broad enough to extend to the management of sources not under di- 
rect public health control. This interest often takes the form of technical 
assistance and consultation, as well as requests for information respecting 
the type of public health problem which might arise from such sources. The 
treatment of radioactive wastes and the various means of its disposal provide 
examples of this sort. 

In all such efforts, the goal is the elimination of unnecessary exposures, 
while insuring that interference with beneficial uses be kept to a minimum. 
Certain approved techniques are employed, and these techniques are in turn 
governed by standards of procedure, to the practice of which they must con- 
form. 

We might at this point examine some of the public health areas of ongoing 
activities in which radiation standards are applied. 


II. RADIATION PROTECTION TECHNIQUES APPLIED WITHIN THE ORGANIZED PUBLIC 
HEALTH COMPLEX 


The State health agencies, and their local counterparts, by statutory re- 
quirements, in fact or in potential, represent the principal mechanisms for 
applying radiation protection standards to the benefit of their communities and 
thus of the population as a whole. 

Those State agencies generally found to be supporting radiological health 
activities are the health boards, councils, or departments; the labor commis- 
sions or departments; and—to a lesser degree—the more specialized agencies 
which may have been formed to carry out specific programs, such as control 
of food and drugs, water or air pollution, or others. In most States, a close 
relationship exists between these various agencies. 

State radiological health activities emphasize one or more of these four 
major aspects: 


1. Consultation, including public information, technical consultation and 
factfinding. 
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2. Regulation, involving interpretation of general health legislation, refer- 
ence to nationally recommended standards, and specific radiation regulations 
and codes. 

3. Prevention, aimed at reducing or eliminating unnecessary radiation ex- 
posure, usually accompanied by direct or indirect references to specific regula- 
tions or codes, based on national guides covering recommended practices, reg- 
ulations, or codes. 

4. Training activities which include orientation and indoctrination in the 
principles of radiation-protection standardization processes and guides. 

The Public Health Service, through its consultative, research, training, and 
technical assistance relationships with the States, has opportunities to in- 
fluence all four of the major aspects of State radiological health programs 
listed above. 

To date, inventories have been completed for 40 States, and 3 are in the 
process of being inventoried. 

Although 21 States have specific enabling legislation for radiological health 
activities, we do not know whether authority exists in these States for an 
agreement between the Governor and the Atomic Energy Commission in this 
field. In many of the 29 States which lack specific statutory authority for 
radiological health activities, the health agency and other interested State 
agencies indicate that they possess sufficient authority for the implementation 
of radiological health programs under existing general public health or in- 
dustrial health laws. Again, in these States we lack information about the 
authority for the Governor to enter into an agreement with the Atomic Energy 
Commission. 

Thirteen States have regulations for radiological health; 3 have limited 
regulations; 11 have proposed or pending regulations ; and the remainder have 
no radiation codes or regulations. Lacking a revision of 10 CFR 20 and/or 
model regulations promulgated by the AEC, we are unable to estimate the com- 
patibility of the regulations at the State and Federal levels. 

Twenty-three States require registration of radiation sources and 11 have 
proposed on pending registration requirements. 

Twenty-six have a State atomic energy coordinator or committee; two more 
propose such, 

Fifteen have an advisory committee on radiation to the State health agency, 
and another six are actively working toward it. 

In each case described above, State administrative or legislative action has 
established a basis for radiological health activities to be conducted by the 
principal State health agencies. The traditional relationship long established 
between the Public Health Service and the State health agencies has enabled 
the Service to provide consultation to the States on the technical standards 
from which the State legislative acts, regulations, codes, and rules are derived. 

The principal sources of guidance employed in this phase of the program have 
been the model radiation acts proposed by the American Public Health As- 
sociation, the National Committee on Radiation Protection and Measurements 
(NBS Handbook 61) and the Council of State Governments, the radiation regu- 
lations suggested by the National Committee on Radiation Protection, and 
those adopted by the Atomic Energy Commission (CFR title 10, pt. 20). Each 
of the above makes use of the basic criteria derived by the ICRP and nationally 
recommended by the NCRP. 

Additional State guidance has been provided by recent recommendations, 
statements, and resolutions of such professional bodies as the American College 
of Radiology, the American College of Oral Roentgenology, the National Tuber- 
culosis Association, the American Trudeau Society, the Association of State 
and Territorial Health Officers, the World Health Organization, and others 
with an interest in radiological health. 

The Public Health Service will continue to have opportunities to influence 
the development, as well as the practical application, of standards and criteria 
utilized by the States for the basis of their radiation-control activities. For 
example, the Service has membership on the NCRP; has assisted the American 
College of Radiology in developing statements incorporated in the recent pro- 
fessional film, “Radiation: The Physician and Patient”; maintains a close work- 
ing relationship with the Association of State and Territorial Health Officers 
and the World Health Organization; and worked with the American Trudeau 
Society and the National Tuberculosis Association in making an interpretative 

statement respecting the radiological safety aspects of mass chest X-ray studies. 
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The Service is also represented on the Nuclear Standards Board of the American 
Standards Association, and has a consultative relationship with the ANC in 
regard to the Commission’s proposed criteria for implementing Public Law 
86-373. 

Direct technical consultation, assistance, and program guidance, including 
that relating to national radiation guides, is provided to State health agencies 
by the Public Health Service through its eight regional offices. Im order to 
provide expert radiological health consultation, the Division of Radiological 
Health has assigned specially trained officers to four of the regional offices, 
and hopes to staff the remaining four within the next fiscal year. Supplemental 
training has been given to personnel in all regional offices. 

An effective mechanism for assistance in the development of radiological 
health programs within State health agencies is the detail of specially trained 
Public Health Service personnel to participate directly in the development of 
these programs. The loaned individual not only assists in the carrying out 
of the program during his assignment but also help train State personnel who 
will carry on the program at the termination of the Public Health Service 
officer’s assignment. In many instances, the presence of the Public Health 
Service officer permits the State to release one of its own personnel for graduate 
training in radiological health. At the present time, trained Public Health 
Service officers are assigned to the States of Oregon, Texas, Minnesota, Michigan, 
California, Georgia, Florida, Massachusetts, New Jersey, New York, and 
Pennsylvania. 

Consultation on specific problems is another mechanism for State assistance. 
The daily working relationships between State health staffs and the regional 
offices permit this consultation to be carried out in the most effective way. This 
frequently serves to stimulate and promote the earlier appearance of comprehen- 
sive programs and services within the State. The following example illustrates 
this: 

The Dade County Medical Society (Miami) requested the Florida State Board 
of Health to survey all the medical X-ray units in use in that county. Asa 
result of being asked for help to do this, the Public Health Service assigned two 
trained specialists to help initiate the survey, to develop the procedures and meth- 
ods of operation, and to provide on-the-job training to the State health depart- 
ment’s personnel who would continue the survey. The results of the Florida 
program will be made available this month at the annual meeting of the Ameri- 
can Medical Association in Miami Beach. Similar technical assistance is being 
conducted on a demonstration basis, in Prince Georges County, Md., and in 
North Dakota State. 

The latter project is particularly important. This involves a corrective evalu- 
ation of significant features of dental X-ray equipment which contribute to un- 
necessary radiation exposure to patient, dentist, and technician. Good results 
are being obtained through the use of an inexpensive film packet, handled through 
ordinary mail services. The project is being carried out with the cooperation 
and participation of the State dental society and the State health department. 
The criteria for this type of corrective evaluation is derived from the recommen- 
dations of the NCRP found in NBS Handbook 60, and those of the American 
College of Oral Roentgenology. 

Other Public Health Service assistance stems from its direct statutory interest 
in the pollution of interstate streams. Over the past 2 years, a study of the 
Animas River, conducted jointly with the Atomic Energy Commission and the 
State health departments of Colorado, Arizona, and New Mexico, resulted in 
orders to operators of uranium mills which are expected to reduce significantly 
the radium and other pollution of the Animas River, a source of both potable 
and irrigation water. A similar jointly cooperative study is planned for the 
Clinch River in Tennessee. 

A principal problem in conducting programs of this type is that the State 
health agencies, with a few questions, are now only on the threshold of devel- 
oping competent laboratory facilities and interpretive procedures in the field of 
radiological health, 

An additional series of actions by the Public Health Service has been taken to 
provide the information, derived in the laboratory, upon which the Service and 
the State health agencies act, in relation to existing standards. 

The Service hopes that within the next few years there will come into existence 
a comprehensive radiological health program in each State. Pending develop- 
ment of adequate State laboratory services, the Public Health Service must con- 
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tinue to fill the gap created by the general population need. This year, the Serv- 
ice has placed two laboratories in operation. In addition to that at the Robert 
A. Taft Sanitary Engineering Center, at Las Vegas, Nev., and Montgomery, Ala. 
Added to Cincinnati, these represent a considerable increase in laboratory re- 
sources available to both the States and the Public Health Service. A third 
brancb laboratory is planned for early in fiscal year 1961, with a program de- 
signed to make basic contributions to (1) the better management of X-ray and 
(2) the development of special instruments like the portable whole body counter 
for application in both the program operations as well as the research field. In 
addition, an ongoing program of background studies will have been initiated and 
intensified. Experience will also have been gained in the program of collation 
and analysis of data on all sources, with resulting guidelines affecting further 
work; and hopefully, the Service and the States will, by 1961, be making more 
significant contributions to the formulation and interpretation of standards. 
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Ill. THE PRACTICAL APPLICATIONS OF RADIATION PROTECTION STANDARDS IN 
FIELDS OF X-RAY DIAGNOSIS AND THERAPY 





Since fairly specific details are provided in “Selected Materials on Radiation 
Protection Criteria and Standards: Their Basis and Use” (pp. 854 to 912, in- 
elusive), only some general comments will be made at this point. First of all, 
this area differs from the environmental because it involves individual applica- 
tions of sources such as the X-ray and radioisotopes by practitioners of the 
healing arts. Therefore, protection would seem to be mainly in the realm of 
preventive medicine and involve individual decisions by the practitioner and his 
patients. This emphasizes the importance of professional education, not only 
for the diagnostic and therapeutic purposes to be served but also in an ap- 
preciation of, and more exact knowledge of, potential hazards attending the 
use of these sources. 

It is believed that the present exposure guides are adequate, if recommended 
practices based on them are followed. Such techniques are remarkably ef- 
fective and do not interfere with the health benefits to be achieved. A well- 
understood body of safety procedures now exists, a result of practical experience, 
over the years, with the effects of overdosage. 

This body of knowledge developed concurrently with X-ray use, It is interest- 
ing to speculate as to whether the X-ray would have been used at all during 
the early period if the first practitioners knew what is known today. At that 
time, an exposure of 30 minutes might be required to secure interpretable 
roentgenograms of internal structures like the kidney, all of this without 
available protective techniques. It is, therefore, a tribute to the profession, 
both in the healing arts and the physical sciences, that efficient safety pro- 
cedures are now available to enable remarkable reductions, even with today’s 
much higher powered equipment. 

There are still some questions, however, respecting the effects of exposure in 
the very low range. As the report submitted for these hearings indicates, this 
problem is being followed in a number of studies, with emphasis on those in- 
volving irradiation of the child in utero and other children in the young age 
groups. In this way, more adequate information ean be developed and put to 
use during the process of formulating radiation protection guides. 





























IV. THE SIGNIFICANCE OF SOME RESEARCH EFFORTS FOR PRACTICAL APPLICATIONS 











Further improvement in the practical applications of standards depends on 
additions to knowledge through research efforts in the human population, in- 
cluding a study of associated factors. In lending its assistance in this area, 
the Division of Radiological Health of the Public Health Service, during the 
past year, has initiated, among others, the following studies: 


A. Epidemiological study of body burden of radioisotopes in people of the San 
Juan Basin area 

One of the principal problems of standardization in the radiation-protection 
field is making possible more accurate. estimates of cumulative body burdens of 
radioactive materials, especially in terms of somatic effects. The basis for 
present estimates is quite slender, with only a few dozen cases providing the 
material for official guidelines respecting tolerances in the skeletal system. This 
has required a method of procedure which still leaves some important questions 
unsettled : 
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(1) The reliability of body burden as a true index to the clinical states 
that may be encountered ; and 

(2) The reality of the safety factors introduced in the guides when the 
significance of the first has not been determined. 

It is a fact well known in medicine that the degree of underlying pathology in 
an organ or system is not always matched by a comparable clinical expression- 
For example, arteriosclerotic involvement of the cerebral vascular system may 
be quite marked, but, at the same time, accompanied by little or not overt mani- 
festations such as cerebral accidents or the behavior disturbances of senility- 
On the other hand, the latter conditions can occur in the presence of relatively 
little pathological change. Settlement of such questions would seem to tum 
more on the matter of predisposition, and hence the degree of increased risk 
to such events. This can only be settled by careful scientific work with human 
populations. 

The experience of the San Juan Valley population seems to provide an op- 
portunity in the radiation field to throw some light on the significance of accu- 
mulated body burden, and whether the margins of safety introduced for greater 
protection of the general population are realistic. 

The San Juan Basin population was chosen for this special study because 
of its unique experience in the form of exposure to radioactivity from drinking 
water contaminated in excess of the maximum permissible concentration. 

This project is being carried out under the authority of the Public Health Serv- 
ice Act (42 U.S.C., ch. 6A), which provides broad authority to the Surgeon 
General; and at the request of the State Health Officers of the States of Colorado 
and New Mexico. 

1. Background facts on the area involved.—The Animas River rises in south- 
west Colorado above Silverton, and flows southerly for approximately 100 miles 
to its junction with the San Juan River at Farmington, N. Mex. It crosses the 
Colorado-New Mexico State line near Riverside, N. Mex., a point approximately 
30 miles from its mouth. 

The Animas River Basin has an overall length of approximately 100 miles, 70 
of which are in Colorado, 30 in New Mexico. The basin is approximately 20 
miles wide at its widest portion. The upper part of the basin from Durango 
northward is rugged, mountainous country. Below Durango, the land is rolling 
and the flat land along the stream is irrigated by its water. 

Water uses: Aztec, N. Mex., a community of approximately 6,000 people derives 
its drinking water from the river after treatment (in a conventional water treat- 
ment plant), which includes coagulation and filtration. 

Farmington, N. Mex., with an estimated population of 22,000, also derives 
its domestic supply from the river water after the conventional type of treatment. 

In addition, there are numerous irrigation users of the raw river water. 

2. Description of the problem.—(a) Sources of radioactive contamination: 
Durango is the most significant source of organic pollution of an interstate nature. 
Silverton also is contributing organic pollution. 

One of the ore-processing industries (40 to 50 tons of ore per day) in the 
Silverton area was in operation in 1958 and discharged final wastes into the 
Animas River after treatment in tailings ponds. A large uranium processing 
plant (400 tons of ore per day) is operating at Durango. 

(bo) The nature of the contamination: Organic pollution from the town of 
Durango is expected to be rectified with proper sewage treatment. 

Radioactive wastes from the Vanadium Corp. of America plant at Durango 
were discharged into the Animas River, but have recently been reduced. 

(c) The question as to the effect: This resolves itself into one concerning 
whether the downstream waters used in the form of water supply and crop irriga- 
tion may have been, or may still be, of a type to exert adverse effects. 

3. Data from past environmental studies —At the request of the States con- 
cerned, the Public Health Service has conducted a number of water pollution 
surveys. These have included— 

(a) An intensive one for the uranium refinery at Durango, representing a con- 
tinuous operation since 1948. Since about 1900, moreover, the mill, or its pred- 
ecessors, have been processing the same or similar ores for vanadium. The 
tailings of this process also contain uranium and radium. 

(o) The first brief investigation of stream contamination by uranium re- 
fineries done during 1950. Samples of river water were collected at locations 
above and below each of four operating mills. These were analyzed for dissolved 


radium. A discharge of approximately 2 milligrams of dissolved radium per day 
was noted from the Durango refinery. 
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(c) A second limited survey on streams in the vicinity of eight operating mills 
done in 1955. The Durango mill was included. Samples of river water, bottom 
mud, and biota (algae, insects) were collected at locations immediately above 
and below the mill and analyzed for gross radioactivity and for radium. Sam- 
pling runs indicated a gain in the dissolved radium content of the river by a 
factor of about 20. 

As a result, on April 29, 1958, the First Conference on Interstate Pollution of 
the Animas River, Colo.-N. Mex., was held at Santa Fe, N. Mex. A study was 
recommended to determine the source and amount of contamination. 

The main work of this recommended survey was conducted during 1958. Re- 
sults were reported in May 1959. 

Based on its findings and the assumption that an average adult drinks 2.2 
liters of water per day, the calculations indicated that the adult population of 
Aztec, N. Mex., might be ingesting 7.9 uwug. of radium per day and the popula- 
tion of Farmington about 5.7 pug. of radium per day per person. Persons resid- 
tion between the Colorado-New Mexico State line and Aztec, and drinking Ani- 
mas River water could be ingesting 16.7 wug. of radium per day. (All these fig- 
ures are for the summer months of 1958. ) 

During the winter months, Aztec and Farmington probably have daily intakes 
approaching double the summer months, and the average yearly absorption has 
been calculated to be 8.925 x 10™‘ue. 

The contribution of Florida River water which supplies Durango is thought 
to approximate 0.7 nug. of radium per day per person. 

River water levels of strontium 90 were also reported. Treated water samples 
at Aztec and Farmington were found to contain only 1 suc. strontium 90 per 
liter of water. Food content of strontium 90 varied; lettuce was highest with 
965 uuc. per kilogram. Concentration averages were used to calculate dietary 
intake, specifically: 48 wue./kg. for vegetables and fruits, 4.1 puc./kg. for pota- 
toes, 31 uye./kg. for flour and cereals, 6.4 uwyuc./kg. for tomatoes, and 5.4 
pupe./kg. for milk. The average daily dietary intake, based upon a diet for 
physically active men, was, therefore, estimated to contain 39 wzuec. of strontium 
90 per day per person. Estimates were also made of the radium and strontium 
90 ingestion of the people upstream from Durango. These estimates indicate an 
average daily radium intake of 2.5 wug. and for strontium 90 an intake of 39 
pyc. per day. 

The first conference was followed by a second session at Santa Fe, N. Mex., on 
June 24, 1959. Results of the survey, the results of the mill investigations, 
and the results of the investigations of sewage discharges were presented. The 
Durango mill authorities reported on steps they were taking to reduce the radio- 
activity in the effluent from their plants. This proved to be the addition of 
filtration and ponding facilities in addition to precipitation and piling of the 
precipitate rather than discharge into the river. It was estimated that these 
methods would reduce the contamination by at least 75 to 80 percent. A follow- 
up PHS survey was recommended. 

A report entitled “Survey of Interstate Pollution of the Animas River, Colo.- 
N. Mex., II, 1959 Surveys,” was released by the Service in January 1960. 

The mill waste showed a significant difference between the 1958 and 1959 
amounts, indicating a reduction of 80 percent in the dissolved radium discharged. 
There occurred a 62-percent reduction in the dissolved radium of Aztec’s raw 
water and a 60-percent reduction for Farmington. The treated waters at Aztec 
and Farmington had 68 and 50 percent less dissolved radium in the summer of 
1959 than in a similar period during 1958. Residual contamination of the sands 
in the filters at the Farmington treatment plant account for the lesser improve- 
ment in the Farmington supply. Replacement of the filter’s sand beds should 
do much to reduce the level. 

4. The San Juan physiological study.—The purpose of this study is to investi- 
gate the body burden in the human population as well as to study radioactivity 
levels in the foods, water, and animals of the area. 

Shortly after the May 1959 report and the June 1959 conference, plans were 
started for such studies. Several steps were taken: 

(a) To begin with, certain questions had to be formulated: What is the 
amount of human hazard? What body burden levels might be present in the 
population? What is the significance of this study for the general problem of 
radiation standards? 

The measurement of environmental samples describing water and food concen- 
trations of radium and strontium in the San Juan Basin area can be related to 
health hazards only if the actual physical dose to the bone in persons consuming 
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the waters and food is known. Relating measured environmental concentrations 
to so-called maximum permissible concentrations is subject to all the uncer- 
tainties inherent in such theoretical calculations. It therefore appears reason- 
able to attempt to measure the actual intake of water and foods containing the 
radionuclides in persons living in the area, and to actually attempt to measure 
the total amount of radionuclides present in the body of these persons (the “body 
burden”). Thus, the body burden can be related to the basic standard of physical 
dose to the bones, and theoretical calculations can be compared to actual 
measurements. 

Calculations indicate an expectancy of a total body burden lying between 50 
and 400 uwug. of radium, and hence one considerably below the detection limit for 
gross counting. Radon, a decay product of radium, can be used as a secondary 
measure of body radium. Analysis of breath for radon and the analysis of 
autopsy materials, therefore, are the methods of choice in such determination. 

5. The determination of study methods.—Plans call for the selection of about 
400 persons (or 100 family groups) on which will be carried out a complete anal- 
ysis of intake via food and water. Concurrently, the excretion rate in feces, 
urine, and breath for the radioactivity with which we are concerned (radium 
and strontium) will be measured. Aliquots of the total diet for a period of 1 
week will be analyzed, and all excreta will be collected and analyzed. At the 
end of the week, the breath will be analyzed for radon. 

6. Accomplishments to date (June 2, 1960).—(a) A contract for the investiga- 
tion has been negotiated and signed with the State of New Mexico. 

(b) Field personnel have been detailed by the Public Health Service to 
Farmington, N. Mex. 


(c) A field office has been established by the PHS in the San Juan District 
Health Department. 

(d) A census enumeration has been conducted, and the followup selection of 
the study population has begun. From these data, a representative sample of 
the total population will be selected. It will be based primarily upon (1) length 
of residence in the area and (2) the use of the Animas River water as a source 
of domestic water supply, with the selection confined to family groups. 

(e) Samples derived from autopsies are also being collected. 

(f) On-site laboratory facilities and a radon breath room are being prepared. 

7. Future plans and goals of the study—From mid-June 1960 to September 
1960, a team of medical students will be utilized to obtain medical and occupa- 
tional histories of the pilot population group. 

Samples will be processed to test methodology of collection and analysis. 

It is expected that radon trailers will be ready for testing during the early 
fall and that final tests of the equipment will be completed by November 1960. 

By November 1960, all preliminary tests and pilot runs should have been 
completed, and a start can be made on the actual study population. 

Insofar as possible, there will be complete seasonal representation in the 
samples. 

It is estimated that this study, to develop valid results, will require a mini- 
mum of 5 years, with a 15-year span considered desirable. In addition to 
sample analysis, the morbidity and mortality of the study group will be fol- 
lowed closely. Plans also call for obtaining autopsy specimens on persons who 
die. The findings will be analyzed and compared with other sample data. 


B. The study of factors contributing to the occurrence of radionuclide levels in 
market milk 


This study, conducted in cooperation with the St. Louis Health Department, 
was initiated for two main reasons: 
The demand for more knowledge in a field of high public interest; and 
A need to determine the principal environmental and climatological fac- 
tors influencing the concentration of radio nuclides, especially strontium 90, 
in milk. 


It is hoped to discover, through this study, better practical ways of reducing 
the radioactivity reaching the consuming public through milk. 

This investigation can be considered as consisting of three phases. 

Phase 1 will involve a comparison of the climatological, agronomic, and dairy 
husbandry variables among the farms of two or more milksheds, each of which 
has shown different levels of strontium 90 during the past 3 years. As noted, the 
initial activities involve the St. Louis milkshed, but the results will be cor- 
related with studies in other areas, including an ongoing study in Brainerd, 
Minn., in a region where liming practices are much used. 
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In phase 2, such factors as type and source of animal food, water supplies, 
level of stable calcium and/or strontium, breed and age of cattle, will be in- 
tensively studied for any possible correlation with the different radionuclides 
in the finished milk. 

Phase 3 will employ the information obtained during the first two phases, to 
determine experimentally in the field whether the radionuclide content of milk 
can be favorably adjusted through dairy farming practices. 


C. Possible association of natural background radiation levels with congenital 
malformations 


For over 20 years, it has been known that large doses of ionizing radiation 
delivered to the developing animal or human fetus will produce congenital mal- 
formations. The type or types produced depend upon the stage of development 
of the embryo or fetus at the time the radiation is administered. The mal- 
formations produced are not unique results of radiation injury, since all have 
been seen in animals which were not exposed to large doses of radiation, but 
may have been affected by other harmful agents or disease. 

Work in various experimental animals (usually mice or rats), by investigators 
which include Job, Roberts Rugh, Warkany, Ingalls, and Russell, have shown 
that radiation is capable of producing many varieties and combinations of con- 
genital defects. 

Large doses of radiation to pregnant women have resulted in malformations 
in the offspring. 

Attention has recently been directed to the question as to whether very low 
doses, in the order of background radiation, may increase the incidence of such 
malformations. 

In April 1959, Dr. J. T. Gentry, regional State health officer in Syracuse, N.Y., 
published an article relating to incidence rates of congenital malformation to cer- 
tain types of geologic formations. One characteristic of certain New York 
geologic formations was that these formations contained naturally occurring 
radioactive isotopes in concentrations higher than the average in the State. 

Gentry evaluated the association in terms of other possible etiological factors, 
including socioeconomic status, type of public water supply, and the occurrence 
of rubella infection in the mother during pregnancy. Certain biasing factors, 
such as differences in reporting, were also considered. He also conducted fam- 
ily interviews with selected families with and without a malformed child within 
the “probable” and “likely” area. 

Drs. D. Grahn and J. Kratchman have also tentatively explored the relation- 
ship between geologic environment and mortality from congenital malformations. 
The authors, in their report, term this a feasibility study, and repeatedly empha- 
size they are making no interpretation of the biological basis of the facts they 
have recorded. Neither do they claim a radiation etiology for the results 
observed. 

In their investigation, they identified the geological provinces in the United 
States which contain major uranium ore deposits, uranium-bearing waters, or 
helium concentrations. They also examined the death rates from congenital 
malformations tabulated by county, as published by the National Office of Vital 
Statistics. These, they admit, are rough data, subject to many possible interpre- 
tations. From the data, the authors tentatively conclude that variation in 
radiation exposure could conceivably underlie observed differences in malforma- 
tion death incidence, although they would not want to risk asserting that this 
is so. 

The authors point out that radiation levels have not been directly measured 
and the “death incidence statistic may not be a precise measure of biologic 
effect. Many corrections of a statistical nature need to be made, to eliminate 
differences among groups with respect to maternal age, birth rate, death rate, 
reporting accuracy and completeness.” 

Because of the general interest in this problem, the Division of Radiological 
Health is initiating studies to further our knowledge of both background radia- 
tion as well as malformation themselves. In so doing, the attempt will be made 
to determine whether natural background bears any constant relationship to the 
constellation of diseases known as congenital malformations. 

This study includes— 
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a use of other sources, in addition to vital records, for information on 
malformations ; 
more extensive use of the family interview technique ; and 
more extensive measurement of natural radioactivity, both external and 
internal. 

In so doing, it is hoped that the exposure dose, both external and internal, 
to certain types of populations resulting from backgreund radiation, can be 
determined. This constitutes a very complex problem, especially since it includes 
the difficult attempt to arrive at accurate body burden estimates of radioisotopes 
derived from consumption of water and food having low-level radioactivity 
content. 

Other possible etiologic or influential factors in the production of malforma- 
tions will also be included in the investigation. 


D. The effects of radiation exposure on workers in the environment of uranium 
mines 

In cooperation with State health departments and the Atomic Energy Com- 
mission, the Public Health Service has been studying the health hazards asso- 
ciated with uranium mining and milling since 1950. 

These studies under the direction of Mr. Duncan Holaday are believed to 
indicate that the primary hazard is due to radon and its daughters, and not 
to airborne uranium and radium. There is also a possibility of an external 
gamma radiation hazard, especially where high-grade ore exists. However, 
the exposure is generally about 50 mr per week in the ordinary area of a mine. 

The present program for medical studies in the field began im 1954, was 
repeated in 1957, and will be carried out again this summer. Medical surveys 
are to be repeated every 3 years thereafter for about another 15 years. In 
addition, a census of the miners is to be conducted each year. 

During the 8 years of medical examinations, about 3,500 miners will be 
studied. Plans call for following individuals until death. Of the 50 miners 
engaged in mining during 1941, or earlier, 4 had died of lung cancer by 1958. 
This approximates the 17-year latent period which characterized the European 
uranium miners’ experience. To our knowledge, no additional lung cancer 
deaths have occurred in the last 2 years. 

Four miners have died of other types of cancer, and 12 from other causes. 
Although these figures indicate a trend in the direction of the European experi- 
ence, the data are not sufficient to warrant final conclusions. 

The Division of Radiological Health is providing additional support to this 
activity in the forthcoming fiscal year, with the object of relating measures of 
exposure to specific body burdens of designated nuclides in both living and in 
deceased workers. In addition to the group mentioned above, consideration is 
being given to subjecting 2,500 to 8,000 uranium miners of the Grants, N. Mex., 
area to a comparable study. The close proximity of these miners to Grants 
would simplify the difficult problem of long-term followup. 

Since uranium miners probably represent the group of industrial workers with 
the highest exposure to radiation, it is important to explore the question of the 
possible biological effects on them of such exposure. 


Vv. OTHER FIELDS OF IMPORTANCE TO PRACTICAL APPLICATIONS BECAUSE OF THEIR 
GENERAL SIGNIFICANCE 


The foregoing account does not exhaust the list of practical applications. 
Since, however, some of the others will have already been discussed in detail, 
this discussion will conclude with comments on two fields of general importance. 

There are two other fields of general importance to the successful application 
of radiation protection standards: 

The legislative and regulatory field, which concerns itself with the legal 
means of protection ; and 

The area of public understanding, as a determinant governing public ex- 
pectations for its protection, as well as what will be accepted and followed 
in practice by the body politic. 


A. The legislative and regulatory field from the public health viewpoint 
Standards or criteria governing the different aspects of public health practice 
generally operate within a framework of legal agreements possessing the quali- 
ties of uniformity and flexibility. Flexibility is desirable because of constantly 
changing and shifting circumstances in the field of science. Any such set of 


386 RADIATION PROTECTION 


circumstances depends on the state of knowledge of the problem and the avail- 
ability of rational applications. It also takes into account the value system 
of the society in which it operates, especially what that society considers to be 
important and, hence, will demand or tolerate if the need for its protection is 
understood. 

The achievement of the other quality, uniformity, depends on the degree to 
which a common understanding of the important factors is shared at the given 
time. Practical procedures, to the extent that such can be considered in 
terms of current scientific concepts, should, therefore, exhibit a uniformity 
characteristic of the time and place, in terms of contemporary understanding of 
the needs. 

This is important to consider in deciding what forms legislative or regulatory 
actions should take. A number of speakers have expressed the view, in which 
the writer concurs, that legislation should be approached carefully and only 
after a full understanding of what legislation can do. One of the things one 
might want to avoid, for example, would be the incorporation of details in the 
legislation which could, as it often does, prove unduly restrictive and hard to 
change if the need arises. This has happened in the health field on a number 
of occasions. For instance, fumigation and placarding were at one time con- 
sidered approved techniques for the proper management of certain communicable 
diseases. When newer knowledge permitted authorities to dispense with them, 
it was found difficult to discontinue these practices in those places where they 
had been incorporated into law. Thesanctity which the law confers on its various 
enactments, and the apparatus it has built up for its execution, always make for 
difficulty in change. 

In this connection, it is hard to resist inserting a quotation of Judge Curtis 
Bok at an annual meeting of the American Library Association, held some years 
ago in Philadelphia. I, therefore, quote him in part: 

“The law is not a science; its ultimate terms are opinion and judgment, not 
proof and demonstration. It can prove nothing that it does, although it can 
enforce it, and it stands to the public in the relation of a parent whose orders 
are enforcible because they are based on a historical sense of what conduct is 
supposed to be good and what isn’t. Hence the public has no great respect for 
the law but has an abiding respect for those who administer it. There is 
wisdom in the remark of the Lord Chancellor of England who said that when 
he appointed a judge he chose a gentleman and, if he knew a little law, so 
much the better.” 

Consequently, it seems to the writer that when radiation standards are consid- 
ered in terms of the law, we should first take into account the essential nature 
of the problems with which a proposed legal or regulatory act would deal. 
Briefly, the subject matter is scientific, although as we have seen it contains many 
nonscientifiec aspects. The generality of the environmental hazard and need for 
individual protection from certain of its forms bring it within the purview of, 
respectively, public health and preventive medicine. In addition, the special 
technical nature of much of it calls for a type of understanding necessitated by 
substantial differences from most other health problems. This requires many 
professional competencies. The freely acknowledged shortages in that respect 
constitute the principal reason why an augmented training program is a prac- 
tical necessity for efficient application of standards. 

It is not difficult for the writer to agree with this learned judge’s conclusion 
that of most importance is the character of those who administer the law. 
Therefore, while recognizing that legislation is an important part of the matter 
because it provides the basis for regular procedures of public health, the question 
remains of the form this legislation, Federal, State, or local, should take. 

Obviously, the law should primarily concern itself with important matters. 
Radiation protection qualifies because of its essential part in the national pro- 
gram of radiation uses, of which we are only in a beginning phase. In attempt- 
ing the answer respecting the form legislation should take, it would seem that 
it ought to provide broad authorization which includes an outline of the general 
area and the assignment of responsibility for the implementation of the legisla- 
tive purposes. Public health law follows this format, since what is usually 
assigned to health agencies is a general authorization for work in their fields of 
responsibility. In general, insertion of details is avoided. Rather, such details 
are prescribed in the form of rules and regulations issued by executive depart- 
ments, or usually with the advice of legally constituted advisory bodies provided 


for under the general authorization. This insures that two important goals are 
accomplished : 
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First, rules or regulations having the force of law can depend on the legal 
apparatus of society being placed behind them. Secondly, the necessary flexi- 
bility is introduced, since rules and regulations can be changed, if need be, and, 
most important, can be kept current with contemporary understanding. This 
works well in actual practice. A number of States, for example, have given 
State health agencies authority, in the public interest, to commit uncooperative 
patients to public institutions. This is true in the tuberculosis field where 
openly infectious patients who refuse to follow the prescribed regimen, and 
thus expose the public and their families to undue risk, can be legally committed. 
It is remarkable, however, how so few cases come to this point because of man- 
agement techniques which prevent that. It is believed that radiation protection 
programs, possibly with certain modifications which the special nature of the 
problem dictates, can be conducted under similar principles. 


B. The awareness and understanding of the public respecting the need for 
radiation protection 

Owing to the swift advances in recent years in the field of atomic energy, 
there have appeared many instances indicative of heightened public interest in 
radiation matters. Understanding has probably increased also, but the degree 
of advance is difficult to assess. Not infrequently, sincere attempts to inform 
may lead to greater confusion. This raises the question of what is the best 
course of action calculated to eliminate the difficulties and help the public 
develop a better general understanding. 

The answer is not easy, because any attempt is beset with the same difficulties 
encountered by educators in general. Moreover, public agencies do not have 
at their disposal the basic educational structure built about the traditional 
teacher-pupil relationship. Therefore, they are forced to rely on certain sub- 
stitutes, especially in their public information and health education services. 
However, staffs for prosecuting these activities are very small. As a result, 
such efforts have a limited impact because of enforced restrictions on the scope 
of the work in terms of volume, detail, and sustained performance. 

Consequently, considerable reliance must be placed on the press and the 
periodical literature. Although much that is good appears in the columns of 
representative organs in these fields, certain shortcomings are apparent. One 
of the important canons of journalism is that interesting, reportable accounts 
usually concern something unusual or controversial, rather than merely instruc- 
tive; therefore, presentations of an educational nature compete for space at a 
disadvantage. Hearings on fallout, for example, are given much more attention 
than are hearings on the subject of radiation standards, which are of far greater 
significance and importance than the former. Indeed, fallout is only one particu- 
lar case within the whole subject which radiation-exposure standards, or pro- 
tection guides, are designed to govern. 

In pointing out some of these limitations, I have no intention of denying that 
the foregoing agencies of communication carry on important work. Rather, 
the point I want to make is that sole reliance on these media would result in a 
much-delayed appearance of a more satisfactory public understanding. The 
less glamorous side of building protection programs, with their heavy emphasis 
on professional and technical training, needs to be cultivated. 

I believe that better public understanding will develop, timewise, in more or 
less direct proportion to the degree in which competencies are developed in the 
agencies, public and nonpublic, which number radiation-protection programs 


among their responsibilities. 

Dr. Weser. It seems correct to say that an accurate conceptualiza- 
tion of proper practices in radiation protection forms a subject equal 
in complexity and importance to the other topics already considered 
during these hearings. Furthermore, although all radiation is con- 
sidered additive, the variety of individual sources dictates different 
modes of operation with respect to each type of source. Problems 
engendered by fallout require one type of procedure, radioactive 
wastes a different one, and medical X-ray management still another. 

Health agencies have an interest in such things in view of their re- 
sponsibility for overall health protection and health promotion of the 
general population. As a prelude to applying standards in practice, 
a health agency will want to know what the general population ex- 
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posure is or has been, and the circumstances of it. In all attempts to 
determine the latter, certain techniques are employed, and the find- 
ings which these techniques make possible are judged in terms of rec- 
ognized radiation protection guides. Thus, measurements of such en- 
vironmental parameters like water, air, milk, and other factors in- 
fluencing dietary intake are evaluated to determine if the exposure 
experienced meets standard criteria. 

At the same time, some attempts are made to estimate body burden 
in the case of internally absorbed radioactive materials, as well as 
other types of estimates to assess possible cumulative effects from ex- 
ternal sources like the X-ray. This furnishes an index to population 
status and renders possible application of statistical techniques to pro- 
vide rough estimates of probable somatic and genetic effects in the 
population at risk. 

Although public health interest centers in the population itself and 
the more immediate circumstances of its exposure, this interest is 
broad enough to extend to the management of sources not under direct 
public health control. This interest often takes the form of technical 
assistance and consultation as well as requests for information re- 
specting the type of public health problem which might arise from 
such sources. The treatment of radioactive wastes and the various 
means of its disposal provide examples of this sort. 

In all such efforts the aim is the elimination of unnecessary exposures 
while, at the same time, insuring that interference with the beneficial 
uses be kept to a minimum. rtain approved techniques are em- 
ployed during the pursuit of this goal. These techniques are in turn 
governed by standards of procedure to the practice of which they 
must conform. State health agencies, for example, will be found to 
be making practical use of radiation standards while employing the 
following functions: 

1. Consultation, which includes public information, technical con- 
sultation, and factfinding. 

2. Regulation, which involves interpretation of general health legis- 
lation, reference to nationally recommended standards, and specific 
radiation protection guides and codes. 

3. Prevention by means of various techniques to reduce or elimi- 
nate unnecessary radiation exposure, usually with at least indirect 
reference to specific regulations or codes, with the employment of 
guides respecting nationally developed recommended practices, regu- 
lations, or codes. 

4. Training activities, which include orientation and indoctrination 
in the principles of radiation protection standardization. 

Further improvement in the practical applications of standards de- 
pends on additions to knowledge through research efforts in the hu- 
man population, including a study of factors in association thereto. 
In lending its assistance in this area of need, the Division of Radio- 
logical Health of the Public Health Service during the past year has 
initiated, among others, studies of the following kinds: an investiga- 
tion of the body burden of radioisotopes in the human population of 
the San Juan Basin area; a study of the factors contributing to the 
occurrence of radionuclide levels in market milk; a study of congeni- 
tal malformation in terms of possible association with higher than 

average natural background levels; studies on the effects of the 
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X-ray; and a continuation and intensification of the followup of 
uranium miners. Parenthetically, of course, Mr. Holaday’s report 
touches on this particular problem. 

The San Juan Basin population was chosen for special study be- 
cause of its unique experience in the form of exposure to radioactivity 
from drinking water in excess of the maximum permissible concentra- 
tion. The population chosen for study—one residing along the 
Animas River flowing from southwest Colorado to a junction with 
the San Juan River at Farmington, N. Mex.—is in the two communi- 
ties principally involved, Aztec, N. Mex., and Farmington, N. Mex., 
with a combined population of about 30,000. : 

The principal source of radioactive contamination in this river is 
located in Colorado where since 1900 ores have been processed for 
vanadium, with the tailings of this process containing uranium and 
radium. 

In a brief investigation of the situation in 1950, it was discovered 
that radium was being discharged into the stream from the refinery 
at Durango, Colo. is was Followed by other studies and, at the 
completion of the most recent one, an intensive Public Health Service 
survey in 1958, the mill was requested to reduce the levels in the dis- 
charged wastes. This is being done at the present time. 

The Public Health Service plan for the human population study 
calls for examination of 100 family groups—about 400 persons—to 
determine radioactive intake and, as an accompanying effort, the 
excretion rate of radioactive materials via the feces, urine, and breath. 
The findings will be correlated with others derived from physical 
examinations, laboratory procedures, and autopsy specimens. In this 
way it is hoped to estimate the body burden in terms of radioactivity 
and to detect any correlation in terms of clinical effects. 

This effort represents an attack on one of the principal problems of 
standardization in the radiation protection field; namely, one de- 
signed to provide a more accurate estimate of somatic effects based 
on the cumulative body burden of radioactive materials. It is gen- 
erally recognized that the basis for present estimates is quite slender, 
with only a few dozen cases providing the material for official guide- 
lines respecting tolerance levels in the skeletal system. As a result, 
some important questions remain to be settled. Two important ones 
are the reliability of body burden as an index to clinical states that 
may be encountered, and the reality of the safety factors introduced 
in the guides when the significance of the first has not been 
determined. 

It is believed that this study of the San Juan Basin population, a 
project which can be capaci to continue for 5 to 15 years, should 
shed some light on such questions. 

The study of factors contributing to the occurrence of radionuclide 
levels in market milk was initiated for two principal reasons: the de- 
mand for more knowledge in a field of public interest; and a need to 
determine the principal environmental and climatological factors in- 
— the concentration of radionuclides, especially strontium 90, 
in milk. 

This study involves a comparison of the climatological, agronomic 
and dairy husbandry variables among the farms of two or more milk- 
sheds, each showing different levels of strontium 90 during the past 3 
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years. Activities have been initiated in the St. Louis milkshed, and 
are being coordinated with the ongoing study in Brainerd, Minn. The 
information obtained during the preliminary phases of this study will 
be employed experimentally in the field to determine if the radionu- 
clide content of milk can be favorably adjusted. 

The study project on congenital malformations has a background in 
the well-established fact that radiation, at least in certain amounts, can 
unfavorably influence the development of the animal or human fetus in 
the direction of congenital malformation. Recently the direction of 
attention by New York State health workers to the question of whether 
very low radiation exposure, in the order of natural background, may 
increase the incidence of such malformations, has created a great deal 
of interest. Therefore, the division has embarked on studies to 
further the knowledge of this background radiation as well as the 
malformations themselves, with the aim to determine whether natural 
background bears any constant relationship to the production of these 
disorders. Some of the study techniques are an examination of vital 
records as well as other sources of information; extensive use of the 
family interview technique; and extended measurements of natural 
radioactivity both external and internal, in the areas of relatively high 
and relatively low natural background. 

Since the small differences observed between the areas of higher than 
average background have led a number of students to conclude that 
this could hardly account for the observed differences in the con- 
genital malformation rate in these contrasting regions, the study will 
also take into account all other possible etiological or influential factors 
in the production of these conditions. 

Additional studies on the effects of the X-ray have been undertaken 
because of the need to complete our knowledge of the effects of low- 
level exposure, particularly to the child in utero and very young 
children. When the resuits of these become available, they should 
prove to be of additional help in the formulation and practical appli- 
cations as set forth in radiation protection guides. 

For the following reasons the continuation and intensification of 
the uranium mine workers study is important: uranium miners prob- 
ably represent the group of industrial workers with the highest ex- 
posure to radiation; and the clinical findings to date in this group are 
quite suggestive. Consequently, the work of the next several years 
gains in significance. 

There are two other fields of general importance in the successful 
application of radiation protection standards: the legislative and regu- 
latory field which concerns itself with the legal means of protection; 
and the area of public understanding as a determinant governing pub- 
lic expectations for its protection, as well as what will be accepted and 

followed by the body politic in practice. 

It is believed that the legal requirements should exhibit a uniformity 
in their general structure but with retention of a desirable degree of 
flexibility to insure responsiveness to the changing body of knowledge 
which necessitates correspending changes in operational procedures. 
It is also felt that in addition to the usual techniques of public in- 
formation in current use, the “building in” of radiological health pro- 
grams into the general structure of local and State agencies is required 
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to insure the development of public understanding because of the close 
daily working contacts of these organizations with the people they 
serve. 

That concludes my formal statement. 

Representative Honirrecp. Thank you, Dr. Weber. 

Mr. Hollister. 

Mr. Ho.uister. Dr. Weber, I think the committee would be inter- 
ested in having a description of the outlines of the Animas River 
situation. Was radium the only problem? What were the levels? 
Were they 2 or 3 or 5 or 10 times ? 

Dr. Weser. Yes, I will be glad to attempt to answer that, Mr. Hol- 
lister. I have covered the subject in considerable detail in the covering 
paper. (See p. 393.) 

dr. Weser. In response to your specific questions, I can say that 
on the matter whether more than radium 226 was involved, the answer 
appears to be “Yes.” However, according to the analysis of our labora- 
tory people at Cincinnati—and Mr. Holaday also participated in the 
consultations—the principal contribution in the form of alpha emit- 
ters, was from radium. Secondly, these levels did exceed—if I may 
just leaf through this for the amounts found. 

Reading from this special study conducted in 1958: 

Based on the findings of this study and the assumption of an average con- 
sumption of 2.2 liters of water per day, the calculations indicated that the adult 
population of Aztec, N. Mex., might be ingesting 7.9 micromicrograms of radium 
per day, and the population of Farmington about 5.7 micromicrograms of radium 


per day. Persons residing between the Colorado and New Mexico State line 
in Aztec and drinking Anamas River water could be ingesting 16.7 micromicro- 


grams of radium per day. 
These figures were for the summer months of 1958. 

It is believed that during the winter months Aztec and Farmington 
people would be experiencing daily intakes approximately double the 
summer months. 

So I think the answer to your question is “Yes,” the levels have been 
exceeded for the general population, but are still below those estab- 
lished for the occupational population. 

Mr. Ho txtster. ich population levels are you talking about? 

Dr. Weser. The general population levels. Is that the question? 

Mr. Hotuisrer. Are you talking, for example, about the ICRP rec- 
ommendations at the one-thirtieth level, are you talking of the NCRP 
recommendations of the one-tenth level? 

Dr. Weser. The most recent recommendation which we have is the 
special NCRP levels. 

Mr. Hotuister. Has the Public Health Service given any special 
aoe to which levels might be appropriate to apply to the prob- 
em ? 

Dr. Weser. I have not gone into that specifically, Mr. Hollister. 
At the time this study was done it exceeded the levels then existing. 

Mr. Ramey. That would be the old level if it was done a couple of 
years ago? 

Dr. Weser. That is correct. 

Mr. Ramey. Since then the level has been lowered. 

Dr. Weser. Officially I can’t say that the level for ingested materials 
has been lowered with regard to radium 226. I would have to con- 
sult further on that matter. But, as you know, the Federal Radia- 
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tion Council has a specific task force group currently working on this 
problem of internal emitters. So, as a Federal agency, we are await- 
ing the results of their study to provide guidelines. 

Mr. Ho.uister. Leaving the question of which population levels 
we are talking about for the moment, what would the Public Health 
Service infer from the apparent situation that radium and possibly 
strontium 90 levels measured with in excess of some population level # 
What does this mean to the Public Health Service? 

Dr. Weser. As I have indicated here, we would like to test the re- 
liabilities of these levels by relating them to the body burdens that 
are found. For example, it is my feeling that we can’t necessarily ex- 
pect to find a direct correlation between body burden and clinical 
effects. 

In medicine generally, we find that the degree of underlying 
pathology does not necessarily bear a direct proportional relation- 
ship in terms of appropriate clinical expressions. I can take an ex- 
ample which I give in the basic paper, that of arteriosclerosis of the 
cerebral vessels. Here, we may have little or nothing in the way of 
manifestations like cerebral accidents, that is to say “strokes,” as they 
are commonly called, or behavior disturbances. 

By the same token, in many instances where there is very little 
underlying pathology, we might have a considerable degree of clinical 
manifestations. 

So I think the two things that we plan to do here will test the con- 
cept, if there is such a one—and I think by implication there is such 
a one—that the body burden of these internally deposited radioactive 
substances bears a directly proportional relationship to clinical effects. 
Secondly, whether in these terms the standards are realistic, either the 
old standards on which no Federal general guidelines with regard to 
internal emitters have appeared as yet, or let us say on any formula- 
tion of new standard. 

Now, I think you refer here possibly to the fact that the Depart- 
ment is following as a guideline the recommendations of the special 
ad hoc committee of NCRP on strontium 90 levels. These hearings 
have brought out the fact of their not being acted on officially as yet 
by the main committee of NCRP, which would involve, for example, 
a level of 33 micromicrocuries of strontium 90 per liter for the gen- 
eral population. But in the interim we are attempting to follow them 
as the basis for operating procedures. 

Mr. Ho.uister. By your statement now, one result of the measure- 
ments out there was that the Public Health Service did decide to ask 
the mill to reduce the waste discharge levels. Is that right? 

Dr. Weser. That. is correct. 

Mr. Houuister. Was this decision made on the basis of some general 
assessment of how badly it would hurt the mill to do this in terms of 
reducing the risk, or was this done by applying some standard ? 

Dr. Weser. It was done by applying the standard primarily. That 
is to say, the law which governs practice in connection with the inter- 
state pollution of streams program, which we have cited in the pre- 
print document, requires the Public Health Service to take steps to 
diminish any source of contamination, and radioactivity is one of 
them. Therefore, under that authority, the mill was requested to in- 
stall certain safety procedures, which are effectively reducing the 
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effluent containing these radioactive contaminants. As a matter of 
fact, it is believed that the present safety devices which the mill has 
installed will reduce the amounts in the river to about 1 micromicro- 


curie per day and therefore get below the presently existing standard 
of what I think is about 3,33. 

Mr. Ho.tister. Dr. Weber, would it be a reasonable request to ask 
you or your staff to prepare a short statement compiling the same sort 
of measurement data that you have in your long statement, and then 
going on to treat this question of what standards were used in this par- 
ticular situation and why and how the standards were related to the 
measured levels and how the decision to speak to the mill people was 
arrived at? Would this be a fair subject ? 

Dr. Weser. Yes, sir, I believe we can go into that. 

Mr. Hotuistrer. I would suggest, Mr. Chairman, as a concrete ex- 
ample in point of how one takes recommendations of NCRP and 
actually goes about solving a problem. 

Representative Hoxrrrerp. You will submit that, then? 

Thank you very much, Dr. Weber. You will be back with us again 
this afternoon on the roundtable. We will resume sitting in this 
room at 2 p.m. 

The committee stands adjourned. 

(The paper referred to follows :) 


BRIEF DESCRIPTION OF THE ANIMAS RIVER SITUATION 


The States and the Public Health Service have been studying the Animas 
River pollution since 1934. Beginning in 1950, the Public Health Service made 
some specific observations and collected some samples relative to the radio- 
activity in the river. This was followed in 1955 by a reconnaisance survey of 
eight uranium processing milis, including the Vanadium Corp., at Durango, Colo. 
In the report of this survey, it appeared that the existing levels of radioactivity 
were at or near the recommended maximum permissible levels for public water 
supplies (NCRP-4 wuc./1). The results of this survey indicated, however, that 
more data was needed to define the pollution situation. The results of the 
survey were discussed with the State and AEC officials. After the passage of 
Public Law 660, late in 1956, the Public Health Service had clear authority to 
undertake investigations of interstate streams leading to abatement action on 
its own initiative. 

On January 27, 1958, Dr. S. J. Leland, director of public health of New Mexico, 
asked the Public Health Service to study the pollution of the Animas River and 
to bring the matter to the attention of the AEC. On March 11, 1958, Dr. Leland 
formally requested the Public Health Service to hold a conference on the 
interstate pollution of the Animas River under authority of the Federal Water 
Pollution Control Act, Public Law 660, section 8. 

Pursuant to Dr. Leland’s request, a formal conference called by the Surgeon 
General was held on April 29, 1958. It was attended by AEC, State and indus- 
trial officials, and the general public. The conferees agreed that the investi- 
gation should be expanded to define the type of interstate pollution problem that 
might exist. Operationally, Colorado accepted responsibility for the report on 
nonradioactive pollution and the Public Health Service was to conduct an in- 
vestigation of the radioactive aspects of the pollution problem. In the assess- 
ment of the radioactive pollution, the Public Health Service initially compared 
the levels in the river with those in Handbook 52 of the National Committee on 
Radiation Protection. At)this time the level given in the Handbook for radium 
226 was 4X10~ uc./ml. for workers, and 4x10” ywc./ml. for the general popula- 
tion (applying a factor of one-tenth to the value for workers as indicated in the 
addendum to HB—59 published in 1957). This is 4 wzue./l. During the year that 
the survey was being made, there were many professional discussions relative 
to the standards for ingested radioactivity. These included many questions as 
to the factor that should be applied to the occupational recommendations of the 
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NCRP when the tabulated numbers were applied to exposure involving the gen- 
eral population. 

In May of 1959, an interim report of the July 1958-June 1959 period was com- 
pleted by the Public Health Service which indicated that the inhabitants of 
Aztec and Farmington, N.M., who were using the river as a source, might ingest 
radium and strontium in excess of the maximum permissible concentration for 
the general public. Soon thereafter, May 2, 1959, the AEC announced its pro- 
posed change in “Standards on Protection Against Radiation” to bring them 
in accordance with the NBS Handbook 69 (revision of Handbook 52) which 
increased the maximum permissible concentration for discharge to “unrestricted 
areas” from 4X10” we./ml. (4 wuc./1) to1X10° we./ml. (10 puc./1) for “exposure 
to persons in the neighborhood of a controlled area.” On the 22d of this same 
month, however, the AEC cited the Vanadium Corp. mill at Durango for viola- 
tion of the “Standards for Protection Against Radiation” and requested a report 
of planned remedial action by July 1, 1959. 

The second session of the Public Health Service public conference on pollution 
of interstate water of the Animas River was held on June 24, 1959. At that 
conference, there was agreement by all parties that the Vanadium Corp. of 
America was discharging uranium mill wastes in such a manner that it was 
deleteriously affecting the public water supplies at Aztec and Farmington, N.M. 
It was also agreed that the nonradioactive chemicals discharged to the water 
by the Vanadium Corp. of America were toxic to fish and aquatic life. The 
Public Health Service continued to survey the river to check on the effectiveness 
of the waste treatment systems installed by the Vanadium Corp. of America 
and later in the year found that the discharges of dissolved radium had been 
reduced by 80 percent and the radium in the suspended solids by 90 percent. 

The extent of radioactive pollution throughout this period was originally 
judged by the value of the NCRP Handbook 52 value of 4X 10° uwe./ml. (4X wuc./1) 
which was one-tenth of the occupational level as recommended in the addendum 
to HB-59. Later the figure of 10uuc./1 was published in Handbook 69 and in 
proposed revisions of the AEC regulations for its licensees. This figure was 
proposed as applicable to “persons in the neighborhood of controlled areas.” 
Concurrently the ICRP suggested the use of one-thirtieth of the occupational 
level as a maximum exposure level for the general population. This made the 
radium 226 level 3.3xX10° ye./ml. or 3.3 guc./1. This represents only a slight 
change from the original level of 4 wue./1. 

During 1958 the average treated water concentration of radium 226 at Aztec 
and Farmington, N.M. were 3.6 and 2.6 puc./1, respectively. Raw water users 
between the State line and Aztec were exposed to average radium concentra- 
tions of as much as 7.6 uwue./1 during this period. Investigations of crops irri- 
gated with polluted Animas River water indicated that people might ingest addi- 
tional radium 226 from local foods. 

Concurrent with these judgments based upon concentration the Public Health 
Service also translated the recommendations into daily intake values for both 
radium and strontium. The approach taken by the conferees was to consider 
the possibility of ingestion in excess of the permissible daily amount as well 
as the concentration of radioactivity in the water per se. 

This situation clearly demonstrates the need for specific standards, standard 
methodology and general professional acceptance of standards. It also illu- 
strates the levels of radioactivity in streams where found to be in excess of the 
recommended quality criteria can be reduced well below recommended stand- 
ards by concerted efforts to acquaint the industry and people with the facts. 


(Whereupon, at 12:15 p.m., the committee recessed until 2 p.m., 


this same day.) 
AFTERNOON SESSION 


Representative Hoxirrevp. The committee will be in order. : 

The subcommittee will resume its hearings on radiation protection 
criteria and standards. Our specific subject for this afternoon is 
concepts of application. 

The following statement was submitted by Lt. Col. Joseph A. Con- 
nor, Jr., Chairman, Aerospace Nuclear Safety Board, AEC. :) 
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RELATIONSHIPS BETWEEN AEROSPACE NUCLEAR SAFETY AND NCRP AnpD 
ICRP STANDARDS 


Statement submitted by Joseph A. Connor, Jr., lieutenant colonel USAF (MC), 
Chairman, Aerospace Nuclear Safety Board, U.S. Atomic Energy Commission, 
at the hearings of the Joint Committee on Atomic Energy on June 1, 1960 


The use of nuclear energy in aerospace is being developed in a cautious and 
responsible manner. It has presented the Atomic Energy Commission with a 
new dimension for its traditional role in health protection from radiation. 

Aerospace applications of nuclear energy introduce possible radiation hazard 
to the earth’s atmosphere and oceans, to other solar system bodies, and to areas 
in space along probable orbit paths. 

Aside from safety considerations, the AEC also has a responsibility to assure 
that certain long-range scientific studies are not complicated by the introduc- 
tion of new radioactive materials into outer space or to other solar system bodies. 

Today, with airpower evolving into aerospace power, nuclear energy holds 
promise of making possible, and even economically feasible, the realization of 
advanced concepts in aviation and astronautics. 

This presentation will not cover either the need for these devices or the 
development schedules, since these facts have already been well established in 
previous testimony received by the Joint Committee on Atomic Energy. This 
testimony will attempt, rather, to underscore the measures taken for the pro- 
tection of the public. 

To illustrate these concepts, let us consider two military and two peaceful 
applications: 

(a) A manned nuclear-powered aircraft with a range limited only by the 
endurance of the crew. 

(b) The nuclear ramjet, low-altitude, high-speed missile. 

(c) The greatly increased power of nuclear rockets making feasible the 
orbiting of high payload satellites and space stations, as well as interplanetary 
travel in spacecraft. 

(d) The expanded usefulness of satellites powered by small radioisotope units, 
or by compact nuclvar reactors geared to provide kilowatts and even megawatts 
of power for months or years at a time. 

These then, are the benefits attainable by the successful development of 
aerospace nuclear propulsion. But each of these uses holds forth the possibility 
of injecting additional radioactivity into our atmosphere. Let us look at the 
systems individually, and see how the advantages of each balance with the costs 
of radiation protection to meet current standards. 


THE MANNED NUCLEAR AIRCRAFT 


In the design of a nuclear-powered aircraft, considerable weight can be saved 
by the use of special materials in a divided shield, i.e., a portion of the shield 
is placed at the reactor, and the remainder at the crew compartment. Further, 
shadow shielding in front of the reactor will provide a core of reduced radiation 
to the crew. It is advantageous to have as great a reactor-to-crew separation as 
possible, but there is a point of diminishing return beyond which it costs less 
weight to add shielding than to extend the fuselage. 

To evaluate crew radiation exposure, a Medical Advisory Group was estab- 
lished by the U.S. Air Force School of Aviation Medicine to suggest standards 
which would be acceptable to the Air Force along with the usual hazards of 
flight. They considered the sizable factor of safety built into the NCRP recom- 
mendations, and the relatively high level of risk associated with any military 
flying, and proposed a tolerance dose for volunteer crew members somewhat 
higher than the quarterly NCRP occupational standards, but roughly comparable 
in effect to the total allowable lifetime occupational exposure. This dose would 
be received within the training and operational period of 10 years, and was 
deemed to produce a negligible biological effect in this age group. 

The removal of the reactor will be the initial step of a major periodic main- 
tenance check, and its reinstallation will be the final step before takeoff. Thus, 
the bulk of the maintenance can be done readily. Inspection and repair of 
the reactor will be done in a special facility. This was demonstrated many times 
in Convair’s successful flight program with the B-36 carrying a flight test nuclear 
reactor (July 1955—-March 1957). 
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Operational bases for nuclear-powered aircraft will require a radiation moni- 
toring system and a large force of trained personnel performing detailed health 
physics work. “Permissible exposure limits” are expected to be within present 
NCRP occupational limits. 

The aircraft normally would pose no public direct beam radiation threat, even 
if flying low. The principal concern would be: (1) accidents which cause the 
release of fission products from the reactor, and (2) the dosage from exposure to 
leakage radioactivity (in the direct cycle concept). 

If a nuclear-powered aircraft were to crash, the heat in the reactor might melt 
the core if the coolant were shut off. A more serious but far less probable acci- 
dent could occur if all the reactor safety controls failed in a certain sequence and 
the reactor “ran away.” This event might vaporize the core, releasing a higher 
percentage of fission products than ina meltdown. 

In a detailed study by Convair, the maximum doses which a person downwind 
from an accident would be expected to receive as the “cloud” of released fission 
products blew past were found to be less than 25 rem beyond 2 miles for a run- 
away and 0.8 mile for a meltdown. 

Contamination of the ground vegetation from the falling out of the airborne 
fission products would also be possible, and make it advisable to program flights 
over ocean areas or sparsely inhabited land corridors. 

After considering the careful measures in programing takeoffs and landings 
during favorable weather (lapse conditions), an analysis of the frequency and 
location of military and civilian air crashes would indicate a probability of less 
than 1 in 10 million that a populated area beyond the controlled area of the air- 
base would be involved. 

To review the procedures for the protection of the public: the tests would be 
conducted during daylight hours. The test aircraft would generally use its 
conventional propulsion system for takeoff, landing, and flight to and from the 
test area. Tests would be during favorable weather conditions (lapse) to pro- 
vide adequate diffusion. No person on the ground would receive a significant 
exposure, even if the aircraft were to pass directly overhead with the nuclear 
propulsion system operating at full power. 


RADIATION PROTECTION 


SYSTEMS FOR NUCLEAR AUXILIARY POWER (SNAP) 


One of the many problems in space flight is to provide sufficient electrical energy 
to power the sensing and communications systems in a space vehicle for the 
length of time that the mission will last. 

Radioisotopic sources for small, compact, low-wattage requirements and nuclear 
reactors for kilowatt and perhaps megawatt power needs, lend themselves ap- 
propriately to remote, unattended application. An example of the former device, a 
3-watt unit powered by the radioactive decay of 2,100 curies of polonium is pres- 
ently available, and other sources utilizing curium 242, cerium 144, promethium 
147, strontium 90, and plutonium 238 have been designed. 

Above a few hundred watts, the use of compact reactors promises to provide 
long-enduring power for numerous earth-satellite systems. In addition, they 
promise the only reasonable low weight, small-area, orientation or trajectory- 
independent source of power for the electric propulsion systems envisioned for 
interplanetary exploration. 

The manufacture and use of these devices pose radiation protection problems 
in (a) safety in fabrication, (0) ground test procedures, and (c) launch pad 
problems through the cone of destruct. 

Procedures prior to launch present familiar safety problems which are com- 
pletely covered in current AEC and ICC directives, and are conventional 
techniques of the atomic industry. 

Isotopes can, of course, have their radiation readily contained in a package 
so rugged that it will withstand all conditions of launch pad abort, precluding 
release of radionuclides at the launch pad. Launch pad problems extending 
through the cone of destruct fortunately could be handled effectively by safety 
features inherent in missile range operation. 

If a SNAP isotope device should fall into deep ocean, it probably would be 
undesirable to recover it, for it is designed to remain intact in salt water 
throughout the effective life of the isotope. 

If the vehicle were to lift off in poor trajectory, the normal destruct devices 
operate with a high degree of reliability (failing less than 1 time in 10,000). 
This reliability, coupled with accurate impact prediction, would virtually assure 
that an abortive vehicle would not come to rest on foreign soil. 
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Should an isotopic package be launched above the earth’s atmosphere, it 
would be highly desirable to disperse it completely. Presuming that aero- 
dynamic heating would result in complete burnup, the radioisotope would be 
expected to return to earth in a manner similar to fission products entering che 
stratosphere from weapons tests (but many orders of magnitude less than the 
smallest weapon). ‘ 

Weapons tests indicate that the half-time for the fallout of small particles 
from the stratosphere varies from 6 months to about 2 years. During this time, 
the isotope would be decaying with its radiological half-life. These two factors 
would insure that the maximum amount of radioisotope returning to earth 
would be only about 20 percent of the initial activity for polonium, for example; 
and for cerium, about 33 percent. In the meantime, the material would have 
spread over such a wide area that it would be unrecognizable and would con- 
tribute insignificantly to the natural radiation background. 

The nuclear safety problems associated with the use of reactors as auxiliary 
power supplies in space parallel those of rocket reactors : 

(a) Potential hazard from the fissionable fuel before operation is minimal 
(less than 0.01 curie of activity). 

(b) If the reactor is operated for a short period at some time prior to launch 
(up to 1 percent of full power), the hazards at launch would be similar to, but 
less than, those of the isotope systems. The current plan contemplates the start 
of the reactor only after the vehicle has achieved a long-duration flight path in 
space, either a high altitude earth orbit or escape from the earth’s gravitational 
field. 

(c) After the start of a reactor, the possibility of fission products reaching 
the earth’s surface would be the principal hazard. If the vehicle were to go 
beyond the earth’s gravity, there would be little likelihood of its reentering the 
earth’s atmosphere. On the other hand, for an earth orbit which barely touched 
the fringes of the upper atmosphere, the resultant drag on the satellite would 
cause the orbit gradually to approach the earth. 

(d@) After a reactor had ceased to operate, fission products still could be a 
health hazard. Three ways to handle this appear feasible: First, if communi- 
cation had been maintained, the reactor could be shut down upon command 
and the fission products would decay during the remaining lifetime of the 
satellite. The remaining lifetime would be dependent upon orbit height, which 
would be known with considerable accuracy, and residual activity upon reentry 
could be calculated. A second way would be to control the place of reentry, but 
controlled reentry is not yet sufficiently advanced. Finally it would seem most 
desirable at this time for the reactor to be completely dispersed by burnup on 
reentry. That aerodynamic heating would completely vaporize the unit, although 
theoretically probable, has not yet been demonstrated, and assurance must await 
additional study and research. 

(e) To prevent accidental release of fission products, one of the safety design 
criteria is that the geometry shall preclude criticality as a consequence of 
impaction, immersion in water, and in rocket propellants such as kerosene and 
liquid hydrogen. 


THE NUCLEAR RAMJET (PROJECT PLUTO) 


A reactor-powered ramjet, freed from the heavy bulk of fuel and tanks, would 
make possible the concept of SLAM (supersonic low altitude missile), which may 
be described briefly as follows: 

The missile would be boosted to altitude and cruising speed (because the 
ramjet depends on its own forward motion for compression of the incoming 
airstream), then cruise over friendly territory at high altitude. As the missile 
neared enemy territory, it would descend to low altitude and penetrate to the 
target at supersonic speed to deliver its payload. 

Since the use of the nuclear ramjet is contemplated only in time of war, the 
principal peacetime hazards occur with the flight testing. A coastal, offshore, 
or inland launching site leading to a sea test range would be required. 

The SLAM missile would present two sources of radiation: The direct beam 
radiation and the release of radioactive fission products. Since the reactor 
would be essentially unshielded, the direct beam dose to a person directly under a 
missile might exceed the maximum allowable “once in a lifetime dose,” and would 
be ample reason for conducting the low-level tests over the ocean. At altitudes 
above 25,000 feet, the direct beam dose to a person on the ground would be 
negligible. The fission fragments released during flight would be from a line 
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source, and thus would be well diffused initially. The fission release at any 
altitude above 500 feet would be within allowable limits for the general popu- 
lation (Handbook 69). In the event of an impact on land, where the release 
would be from a point source, an exclusion radius of 58 miles would be required 
for offsite personnel. Hence the obvious need for a cleared ocean test range. 


THE NUCLEAR ROCKET (PROJECT ROVER) 


Nuclear rocket propulsion offers enormous power for space exploration. The 
Rover project was initiated in 1954, and the first experimental reactor, dubbed 
the Kiwi-A after the flightless bird of New Zealand, was successfully tested in 
Nevada in July of 1959. 

Heat-transfer rockets discharge radioactive fission products along with the 
heated hydrogen propellant, although most of the fission products are retained 
within the reactor. In general, these discharged fission products are gases that 
have diffused through the walls of the reactor’s fuel elements. During a flight 
through the earth’s atmosphere, these gases would readily diffuse with the 
atmosphere and would not descend as a concentration of radioactivity within a 
small area. 

Reactor systems (either power supplies or rockets) could be launched from 
coastal regions of the continental United States if four conditions were met: 
(a) The reactor should contain little or no fission products from previous 
operation (hot launches might require a more remote test facility); (b) the 
reactor must not become critical as a consequence of accident during launch; 
(c) the reactor should be started only after a stable orbit about the earth has 
been attained; (d) the reactor either should be burned up with wide dispersion 
of its fission products during reentry into the earth’s atmosphere or it should 
remain in space sufficiently long after shutting down for its fission product 
inventory to decay to an acceptably low level. 

The same considerations in the selection of a test site would obtain as for 
the nuclear ramjet. With regard to the falling into the ocean of a nuclear rocket 
or ramjet engine, it should be borne in mind that although the total fission 
products enclosed in the reactor might be large, the matrix in which the reactor 
fuel would be contained would be very slightly soluble, and it would take many 
years to release the contaminating radioactive materials even if the reactor 
were broken up into many small pieces. 


SUMMARY 


Aerospace nuclear safety is intimately interwoven with nuclear and flight 
technology, health considerations, and a host of complex human relationships. 

As with almost every previous instrument of cultural advancement, nuclear 
power brings an attendant price. This price may be met by man’s absorbing 
large (and therefore unacceptable) amounts of ionizing radiation, or completely 
shielding and containing all radiation sources (and thereby largely negating 
their usefulness), or adopting a compromise whereby an acceptable amount of 
radiation may be tolerated while deriving the manifest benefits of this revolu- 
tionary source of energy. It is believed that present NCRP and Presidential 
Federal Radiation Council guides provide a baseline for such a solution. By 
observing them, the population is protected, and operational costs to achieve this 
protection, though admittedly high, can be kept within reason. 

Next, we have considered and reviewed certain attendant risks. An honest, 
unemotional appraisal of these reveals them to be no more than, and usually 
much less than, those risks encountered in the progressive development of steam 
and electric power, the airplane, the automobile, or even something as basic as fire. 

In closing, let us look ahead to the day when the use of aerospace nuclear 
power will be commonplace. By then, some international accord in the registra- 
tion and regulation of nuclear energy will be necessary. It is not too early today 
to give thought to this requirement of the future. 


Representative Hoxirrevp. Our first witness will be Dr. Paul C. 
Tompkins, Scientific Director of the U.S. Naval Radiological Defense 
Laboratory. 
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STATEMENT OF DR. PAUL C. TOMPKINS,’ SCIENTIFIC DIRECTOR, 
U.S. NAVAL RADIOLOGICAL DEFENSE LABORATORY 


Dr. Tomrxtns. Thank you. 
Representative Hoiirretp. We are glad to have you before us as a 
witness again, Dr. Tompkins. 

Dr. Tomrxtns. Thank you, Mr. Holifield. 

For the purpose of the record, I would like to say I am appearing 
today as an individual rather than as the representative of any particu- 
lar agency. 

May I first express the appreciation of myself and the members of 
the NRDL staff for the oportunity to participate in these hearings. 
The way in which the questions under deliberation are finally resolved 
will determine the role that nuclear technology will play in the future 
welfare of the country. 

I have been asked to consider the technical background of radiation 
protection criteria in relation to military applications and environ- 
mental radioactivity. 

First, I wish to point out that the Department of Defense is a user, 
hence an applier, of nationally acceptable radiation protection stand- 
ards and criteria. It does not generate such criteria except for the 
use of nuclear devices in combat. Under all peacetime conditions, in- 
cluding specifications for acceptable radiation exposure from its power 
reactors, weapons handling and storage, and other uses of radiation- 

roducing devices by the military departments, the Department of 

efense complies with and is guided by the NCRP recommendations 
and regulations promulgated by the Atomic Energy Commission. 
This policy will be extended, of course, to compliance with the newly 
established radiation protection guide. 

It is a basic fact of nuclear technology that the development and use 
of nuclear devices such as reactors, isotope sources, and weapons must 
inevitably be associated with the release of a certain amount of radio- 
active materials into the public domain. These amounts can be in- 
creased very rapidly as has been demonstrated by the quantities of fall- 
out generated by the weapons test programs conducted prior to 1958. 
Clearly, one purpose of radiation protection standards must be to de- 
fine the boundaries of unacceptable alterations to the environment 
from all such sources. 


1A.B., chemistry, Whitman College, 1935; additional studies, University of Chicago, 
1936-37; Ph. D., biochemistry, University of California, 1941, Eli Lilly scholarship ; 
research associate, biochemistry department, Stanford University, 1941-43, postgraduate 
fellowship; research associate, experimental biology division, metallurgical laboratory, 
University of Chicago, 1943-45; evaluation of hazards from injected and ingested radio- 
isotopes; senior chemist, Radioisotope Research Group, Clinton Laboratories, 1945—47, 
development of separation processes for specific high activity level isotopes; principal 
chemist, Chemistry Division, Oak Ridge National Laboratory, 1948-49; process develop- 
ment for C™ production and project leader for design of — activity level radioisotope 
separations plant; staff adviser to the Scientific Director, U.S. Naval Radiological Defense 
Laboratory, 1949-50; Associate Scientific Director, U.S. Naval Radiological Defense Lab- 
oratory, 1950-51; Scientific Director, U.S. Naval Radiological Defense Laboratory, 
1952 to date (Public Law 1028 position); consultant, Joint Congressional Com- 
mittee on Atomic Energy, 1957 and 1959; Tripartite Conference on Toxicological Warfare, 
delegate in 1954 and 1958, participant in 1953 and 1955; member, Radiological Hazards 
Subcommittee of the U.S. Air Force SNAP Hazards Committee, 1959; consultant, Sandia 
Corp., 1958—59; contributor, “Radiation Hygiene Handbook,” McGraw-Hill, 1959; con- 
tributor, several professional articles in the NNES volumes, 1945-46: recipient of Navy 
Distinguished Civilian Service Award, 1960; recipient of Department of Defense Dis- 
tinguished Civilian Service Award, 1960 (both awards were for work in nuclear weapons 
effects research and defense against radiation effects). 
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As pointed out in the NRDL statement supplied for the preprint 
of the testimony considered in these hearings, the starting point is 
a determination of the range of acceptable radiation-induced risks 
the country is willing to accept. This primary radiation protection 
standard is not in terms of injury because one hopes to keep that 
unobservable. Rather, it is in terms of absorbed dose—energy trans- 
ferred per gram irradiated in the human body—and applies to all 
sources of exposure. This basic determination has now been made, 
at least in a formal way, through the “Radiation Protection Guide.” 
This guide specifies a maximum dose per individual of 0.5 rem per 
year and an average per capita of 0.17 rem per year as the basis for 
operational estimates. 

Despite the fact that the primary standard depends on actual dose 
received by the body, this cannot be measured directly, articularly 
when considering exposure from radionuclides such as Sr® and I? 
lodged in the body. Therefore, secondary standards are established. 
One computes the body burden of each nuclide necessary to give the 
dose to the critical tissue corresponding to each of these numbers. 

I believe Dr. Morgan’s descriptions of the computations behind 
the change of the Sr°*® body burden for occupational exposure from 
1 to 2 microcuries demonstrates the level of sophisticated judgments 
that enter these estimates. They usually include allowance for dis- 
tribution in the body, known or presumed biological pathways, and 
adjustments away from the primary standard to reflect the different 
vulnerabilities of tissue. 

Working standards of radioactive materials in the environment 
relating the concentrations to the estimated per capita annual ac- 
cumulated dose will then have to be derived. When dealing with 
environmental radioactivity, several factors relevant to the applica- 
tion of nuclear devices by the military become extremely important. 

When judged against the contribution each source makes to a fixed 
annual accumulated dose, it is immediately apparent that the signifi- 
cance of short-lived nuclides becomes very sensitive to the total 
quantity produced, and its frequency. This point was clearly estab- 
lished in the committee’s hearings on weapon testing last May when 
it said in its summary report: 

Although the evaluation of the relative hazards due to short- and long-lived 
materials was not questioned, the propriety of ignoring the short-lived isotopes 
in the practical application of public health standards was questioned. It 
logically follows that when the relative hazards of the radioactive materials 
are used as the basis on which to evaluate the significance of worldwide fall- 
out, the conclusions have meaning only in terms of the population as a whole 
and over a long time period. There is no apparent correlation between this 
question and the question of whether or not the radioactivity content of some 
particular material at some particular time is or is not above some value such 
as an MPC. 

It follows that the application of the environmental working stand- 
ards must permit a graded decision procedure of some type to select 

a suitable action when excess local concentrations are encountered. 

This addition of the elements of total quantity and frequency of 
production of radioactive materials will have a major influence in 
guiding many important projects. 

In concept, for example, one might guide the weapon-testing pro- 
gram as within the realm of normal operations, provided that environ- 
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mental testing (1) is conducted at the PPG; (2) does not exceed a 
total fission yield greater than 1MT per year; (3) does not include 
any shots greater than 100 KT. 

Anything outside this limit would need a specific evaluation. 

Projects, such as ANP, Pluto, and Rover, could proceed provided 
the total quantity, concentration, and frequency of depositing radio- 
active material over specified areas did not exceed certain limits. 
These limits can be derived by the processes just discussed for the 
derivation of working standards and would include: 

(1) Estimates of the total dose from short-lived induced activity 
such as argon incorporating elements of the population density sub- 
ject to direct exposure. Present policy already specifies flights over 
unpopulated areas, but this is of little aid in judging the complications 
of a decision to enter production. 

If I may deviate from my text for a moment, I might comment that 
what I mean here is that one can do certain things during the develop- 
ment stage of the program, but the real decisions come when one 
decides to put the prototype device into production. What I mean by 
“production” is not production of radioisotopes. I mean 10 nuclear- 
powered aircraft, 15 or 20. This is where the big decision comes. 

To return to my prepared statement, the second provision would 
allow for estimates of the total quantities of such isotopes as I*** and 
Ba**? which could get into the food and water supply and contribute 
to exposure through the food chain. 

(3) Some times of year might be preferentially selected over others 
since we already know that such materials are more readily incorpo- 
rated into foodstuffs at one time of year than another. 

I will not attempt to judge the degree to which presently contem- 
plated designs may be compatible with such determination. I do want 
to call to your attention the highly significant relationship that exists 
between the radiation protection guides and the use of these devices. 

Waste disposal : It is significant to note that criteria for the disposal 
of radioactive wastes from nuclear power reactors already reflect the 
basic elements of total quantities and concentrations within present 
provisions. My only comment on this source of environmental radio- 
activity is to note that the environmental conditions vary considerably 
from one locality to another. The features of the environment as well 
as the properties of the waste material determine what is appropriate 
in selecting total quantities and concentrations. For example, Eos is 
well known to concentrate heavily in certain forms of shell life. This 
should be taken into account when considering the disposal of this 
isotope in the ocean or in waters offshore. 

SNAP units: The basis for handling auxiliary nuclear-powered 
sources merits some discussion. This combination of the ieenliohions 
to the environment and the properties of the source have had a direct 
bearing on the design of such units. 

The use of Ce’ was described by Col. Joseph Conner in his pre- 
pared statement. In order to disperse the gamma threat from this 
material, it is highly desirable to cause the device to burn up com- 
pletely on entering the atmosphere. Subdivision into atomic-sized 


particles is highly desirable to delay as long as possible the return of 
this material to earth. 
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Attention is called to the point that this technique is suitable dur- 
ing the early days of the program. However, as the technology de- 
velops and the total quantities of material involved become competi- 
tive with those produced by a weapon detonation—a relatively small 
one—it is anticipated that disposal will be achieved by boosting the 
satellite into a permanent orbit in outer space, or bring it back to earth 
intact at a predévereninell location. 

A controlling factor in this process is the requirement that the 
total quantities used result in a potential level of fallout from such 
sources which is small in terms of its contribution to the annual ex- 
posure rate criterion in the “Radiation Protection Guide.” 

In summary, the adoption of the “Radiation Protection Guide” 
has established the basis by which the design and operation of nuclear 
devices important to the DOD program can be guided. The even- 
tual judgment must be made on the basis of the way these opera- 
tions contribute to the annual population dose which is limited by 
the provisions of the guide. Considerations of total quantities and 
frequency associated with the loss of radioactive materials will have 
to be added to the existing safety criteria. 

It is too early to tell whether or not any real difficulties will be en- 
countered in this process, but I see no insurmountable difficulties that 
would preclude the development and use of such devices. 

Representative Hortrretp. Thank you, Dr. Tompkins. 

Mr. Hollister. 

Mr. Ho.uisrer. Dr. Tompkins, looking at your summary para- 
graph here, it seems to me that in 4 or 5 days of hearings we have 
gone an awfully long way from statements that radiation protection 
standards or guides were essentially not related to decisions or actions 
or did not involve any balance to a statement here that says that 
the adoption of radiation protection guides has established the basis 
by which the design and operation of nuclear devices important to 
the DOD program can be guided. Have you noticed this change? 

Dr. Tompxrns. Yes, sir. 

Mr. Hotutster. What is the meaning of it? 

Dr. Tompkins. I think what it means, Mr. Hollister, is that stand- 
ards, certainly as they are set up at the present time, really perform 
the function of a, basis of judgment. 

You notice that in my statement I said that these programs could 
be guided by such criteria. I did not say that they would be rigidly 
bound by such criteria. Consequently, I do not see any particular dis- 
agreement in these particular uses. 

I believe Dr. Failla’s testimony indicated quite clearly that some 
kind of management guidance and value judgments did enter into 
the recommendations, at least of the NCRP. I am presuming in my 
statement that similar characteristics apply to the guides established 
by the President. They will be used as the basic for judgment be- 
cause, in effect, they define, albeit arbitrarily, the range of radiation- 
induced risk that can be considered acceptable to the country. 

I think if we look at them in that way that we will find many po- 
tential uses. I don’t know whether that answers what you had in mind. 

Mr. Hotuisrer. I think we are on the way. 

In your statement at the start you discuss the point that the De- 
fense Department is a user of radiation devices and complies with 
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NCRP recommendations or part 20. Does this apply now to these de- 
cisions on airspace devices, on decisions how to conduct weapons tests, 
if any are to be conducted? Does this type of decision come under this 
statement of yours? If not, how is the Defense Department, to your 
knowledge, guided in such decisions ? 

Dr. Tompkins. I think that the answer to both of your questions is 
“Yes.” Remember guidance and binding regulations are two different 
things. The critical element of guidance is that which establishes 
prejudged limitations of exposure to people. Notice that this is 
sharply distinct from the process of estimating the actual threat of 
biological risk to health for any specific case. So I would not imply 
from this that, as a result of such programs, one would not find places 
in the environment where the radioactivity level at some particular 
point in time would not be significantly or could not be significantly 
above the established environmental levels. 

I do think it is fair to expect that if the estimated resulting expo- 
sure to people starts approximating the values which have been given, 
this would imply then a decision between two choices. One is to 
modify the program. That would be one choice. The second would 
be to institute a stronger, perhaps more costly effort in the public 
health area which might even go to the extent of removing food from 
the market or some other compensating action. 

I think, in the last analysis, the exposure prejected to people from 
these sources would be taken into account in the decision. 

Mr. Hotuister. What do you think then of the apparent intention 
of the Federal Radiation Council to issue radioactivity concentration 
guides presumably in some memorandum or report form ? 

Dr. Tomrxrns. I think that will have about the same relevant usage. 
What it amounts to, taking the ANP case again, is that as long as the 
environmental concentrations are well below this established check 
point, you have a good deal of freedom to conduct the program. If 
they are well above them, then one would have to shift over to the 
actual estimates of exposure to people to judge the relevance. 

I would like to call to your attention that there is a very sharp dis- 
tinction between this application and use of the guides and using them 
as the basis for regulation of activity, such as an industrial perform- 
ance or even as the basis for establishing regulations for permitted 
quantities into food, milk, and so forth. 

Perhaps these concentration guides can be used simultaneously in 
the same way, but they have quite different meanings. Regulations, 
I think, can apply only to the actions of people, not to the consequences 
of actions. The risk estimate for the population and for the people 
and, hence, the public health program must deal with the consequences 
of the acts. The only place these things really come together is on 
the biological result iotlowing from the incorporation of these mate- 
rials through the environment into the body. So you can successfully 
regulate originating programs, but that does not mean that one would 
judge all public health countermeasures solely on that basis. It would 
certainly help. 

Mr. Ramey. I notice on page 1 of your statement that you interpret 
the “Federal Radiation Guide,” I believe, to apply to all sources of ex- 
posure. During the hearings we have questioned whether that is the 
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case, and I guess we hope to get a definitive answer on that tomorrow— 
that it depends on the words “normal peacetime operations.” As ap- 
plied to the Defense Department, there might be some question. 

Dr. Tompxrns. One can certainly look at it either way. I agree, 
from the wording of the memorandum, the proper interpretation has 
not been gone into. i 

From my own point of view, I would say that until proved otherwise 
they doapply. There is no reason why they should not. Research and 
development is a normal peacetime operation. It happens to be a little 
different from an industrial operation. 

Recognizing that the guides are guides and they are not binding, I 
would see no reason why they should not be used. 

Mr. Ramey. We have also gone into what is the meaning of the 
word “guide” as it is used in this statement, as approved by the Presi- 
dent. There is some thought that, by reason of section 7 which says: 
“Boys, you use this guide unless you have some good reasons other- 
wise,” practically, it is more than a guide. Practically, it is a require- 
ment on agencies to follow. 

Dr. Tomrxtns. I would like to offer the thought, Mr. Ramey—as a 
matter of fact, I think I have it in here somewhere—that what these 
numbers, as they stand, achieve is a specification of the range of 
radiation-induced risk that the country is willing to accept. 

Mr. Hoxuister. For all uses, for everything from weapons testing 
to an isotope user, for the entire range of uses and decisions that the 
country might possibly have to make? 

Dr. Tompxins. Without good cause in my opinion, yes. What 
other reason would there be? 

Mr. Hoxxisrer. Isn’t that argument based on the fact that in the 
last analysis you can always retreat by saying that the guides are only 
guides and the question of what they really apply to is not relevant be- 
cause they don’t apply to anything? 

Dr. Tomrxtns. They do apply to an accepted range of risks. 

Let us go back a little to some of the history of the radiation protec- 
tion standards as they are actually used. We have heard a great many 
words about the necessity for avoiding exposure at all costs. The 
MPD was early established for operation in this area and was based 
upon the hazard. It so happens that historically I perhaps was one 
of the early guinea pigs on which these things were tried out, because 
the role I had on the Manhattan District project was in the chemical 
separation and preparation of high specific-activity radioisotopes 
during the period when we had no techniques available for this. This 
big campaign on paying attention to the hazards of the material, when 
you really reduce it, comes down to a technique for maintaining a 
predetermined low-risk condition in the face of a widel ee 
changing and what could be excessive radiation threat. The haza 
the people are talking about in this particular connection is not the 
hazard of the biological hazard of getting exposed. It is to get you 
conscious of the potentialities for being exposed. 

Now I interpret these numbers essentially to be a formal judgment 
of what kind of radiation exposure corresponded with what kinds of 
risks which we consider more or Jess reasonable and normal within our 
going society. As you know, this is essentially an arbitrary decision. 

One could biologically, on the basis of the known biological effects, 
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plead for a much more liberal exposure standard. So, as far as I am 
concerned, these numbers have been put up, and within these limits 
they are acceptable. This does not mean they are true. As a matter 
of fact, they are unobservable. You can take much bigger risks than 
this before you get yourself into real difficulty. I think this is a true 
statement; this 1s the policy; so this is the policy. 

Mr. Ramey. Assuming that this is the national policy, under our 
present extent of radiation exposure to the population in general, 
there is a margin between what people generally are getting exposed to 
and what this level is, this population level that is specified in the 
radiation guide. 

You have discussed some of these new programs of the Department 
of Defense, the Rover program, the SNAP auxiliary type of device and 
soon. The way the Federal Radiation Council operates, would it be 
all right for the Department of Defense to launch into these programs 
on a large scale so long as the projected amount of radiation from these 
devices would be within this population dose ? 

Dr. Tompxins. Do you want my personal opinion ? 

Mr. Ramey. Yes. 

Dr. Tompxtns. The answer is “Yes.” 

Mr. Ramey. The way the Council is set up now, then, you could 
use up your population dosage without ever going back to the Council. 
So every private user could keep building up the amount of radiation 
until, all of a sudden, you walls find yourself up to that mark, and 
the next fellow that went over it would be brought up to the Council. 

Dr. Tomrxins. It could work that way, yes. 

Mr. Ramey. Do you think that is desirable ? 

Mr. Tompxrns. One of the vital questions of the Council will be 
to undertake the kind of questions asked, namely, to go into an allo- 
cation of exposure where we are balancing one class of program against 
another. In other words, is this really an important subject ? 

Representative Horirrecp. This would involve an action procedure 
on the part of the Federal Radiation Council in coordination and play- 
— to the different executive agencies. 

r. Tompkins. It would. 

Representative Hortrrmeip. That would take it out of an advisory 
capacity. 

Dr. Tompxrs. I think that potentially the future of technology 
could lead to a condition of this kind. 

Representative Horirrerp. Doesn’t this point out the deficiency in 
the present Federal Radiation Council setup in that it is set up on an 
advisory basis? It is answerable only to the executive department; 
therefore, Congress doesn’t know exactly what it is doing. 

Dr. Tompxrns. I think others are better equipped to judge whether 
this is a deficiency in the FRC setup. At least within their charter 
they are in a position to make recommendations on such points, de- 
pending upon the situation. 

Representative Hortrrerp. At least this is a problem area that the 
Congress should look at and should watch to see how it is handled. 

Dr. Tomrxtins. I would certainly agree that this is a very definitive 


ee area. This kind of question is certainly one that sooner or 
ater will have to be faced. 
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Mr. Ramey. This is where this matter of balancing or at least assess- 
ing what the benefits of a program involving the use of radioactivity 
as against the hazards, whether either in the existing level or whether 
it would require raising of it, might have some effect. 

Dr. Tomrxtns. This is entirely correct. 

There is one thing about the modern age that I think this particular 
type of action is simply an illustration of. Historically in the develop- 
ment of our legal basis of the democratic system, our Constitution, 
there were certain freedoms of action that were guaranteed to people, 
and among these is the general idea of setting the social and legal 
structure to permit the greatest development of industry to contribute 
to the welfare of the people. 

Now, if you look at the quantitative capability of modern industry 
when it comes to changing the environment—and in the future this 
could even get off into the question of weather control and a few other 
things—I think what we are dealing with here is a situation where 
our past practice of using the standards, if you will, just as a purely 
preventive thing has taken on a different attribute. We are actually 
in pe a of shaping the kind of future we want the technology 
to develop. 

Representative Hoxrrretp. As the technology develops, as it is in 
the radiation field, to where it has a potentially more dangerous im- 
pact upon society, it has to be watched closer, and you might say fitted 
into the environment in such a way that this particular toxic element 
or deleterious element does not absorb too much of the tolerance which 
society can afford. 

Dr. Tompxtns. This isentirely true. I think the long-range policy 
implication of the Federal Radiation Council activity will be in terms 
of the actions it takes in more or less shaping the balance of the tech- 
nology as regards to the future. This is something of a new activity, 
I believe, in this field. 

I think this feature perhaps explains why a background of past 
experience, such as one has dealt with in mining in generations past, 
one runs into certain difficulties when one is doing more than being 
just preventive. Weare actually trying to lay down a foundation for 
a positive action. 

Representative Hortrretp. There is a great deal more urgency than 
in the case of the development of the mining industry where the effects 
of silicosis might take 20 or 30 years to be demonstrated. A few min- 
utes’ exposure to excessive radiation in a community might affect a 
great number of the population immediately and genetically for 
generations to come. 

Dr. Tompkins. The responses of people are totally independent of 
whether the source is industry, the military development program, an 
X-ray machine or a television set or anything else. This is, I believe, 
the obligation that the NCRP in concept undertook. 

T would like to go on record as saying that I think their contribu- 
tion in this area has been outstanding. The fact that the technology 
has run the application into a little difficulty is hardly their fault. 

Mr. Hotuister. Do you think that all these considerations that 
you have just been giving, such as the role of standards in molding 
the future, were in the minds of the people who set these radiation 
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protection guides as you read the memorandum signed by the 
President ? 

Dr. Tomrxtins. I have no way of knowing. 

Mr. Houuisrer. Isn’t it true that if they were not considered then, 
we are in the situation of having a set of numbers which effectively 
determine a lot of these factors but they may have been created by 
people who never considered them ? 

Dr. Tompxrns. It is entirely true. That may in fact be the 
situation. 

Representative Horirretp. Our testimony shows that the military 
exposures were not considered in setting these, does it not? 

Dr. Tompxtns. I am unaware of testimony that said this. I 
thought they were. 

You mean within the scope of normal peacetime operations? 

Representative Hortrrerp. Yes. 

I am not sure that the testing of ANP devices, for instance, was 
considered in the setting of the normal peactime guides. I hardly see 
how it could have been. 

Dr. Tompxtns. I would like to draw a distinction between two 
classes of exposure in this connection. One is the exposure to the 
crew of the aircraft. This is what I would call a military exposure. 
That is not covered within the existing guide. As a matter of fact, 
as far as I know, that particular application has not been undertaken 
by the Council. 

On the other hand, there is nothing in the memorandum that would 
exclude the byproducts of these programs insofar as they affect the 
public domain. 

It is equally true that no determination is made as to whether they 
do or don’t. It automatically follows that if these other original 
sources of radioactive materials in the environment are not covered 
within the basic exposure guide—I am not talking about the criteria 
such as air concentrations; I am talking about the range of exposure 
to people—if they were not covered there, then this would imply that 
the Council would be prepared to advocate a higher level of exposure, 
and that in fact an allocation of exposure has been made but not within 
these particular numbers. So you wind up at the same place in either 
event. 

What is going to happen is that these numbers will be used to judge 
the status of these other programs, or you will change the acceptable 
range by necessity. 

Mr. Hotutster. I think you raise a basic point here. Do you be- 
lieve that it is rational to set upon a total for radiation exposure and 
then cut it up as one cuts up a pie, or does one assign totals for a 
series of different uses and then add these up and accept whatever he 
gets ¢ 

Dr. Tompkins. To be quite frank, the latter approach is much 
easier. 

Mr. Ramey. That is what has been done? 

Dr. Tompxtns. I mean this seriously. As I say, regulations can 
apply to the user. It is much easier to calculate the amount of stron- 
tium generated by one megaton detonation in the environment than it 


is to estimate the practical consequence of this strontium insofar as 
it affects the health of the people. 
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So what I am saying is that these regulations and guides, to the 
extent that they are fairly fixed numbers and can be used as part of 
the guide criteria and so forth, is much easier to work with than the 
other approach. 

I think that with a little thought one can work out ways of melding 
these two approaches together so that they are not incompatible. 
Remember that one guideline has to do with positive attempts to limit 
the magnitude of the threat that is created. The other set of guide- 
lines has to do with the necessary actions to avoid a threat once it is 
created. 

Mr. Houuister. Do you feel that both kinds of actions are included 
under the umbrella of the present radiation protection guide? 

Dr. Tomrxrns. Until somebody tells me otherwise, I certainly do. 

Mr. Houuister. But this is an assumption ¢ 

Dr. Tompxins. This is what I would advocate. In other words, 
one can define them now, but I see no necessity why one has to. 

Mr. Ramey. It has been raised during the hearings several times 
that there is a difference between the problem as it applies to the regu- 
latory organizations such as the Atomic Energy Commission—that is 
the guide of the Federal Radiation Council—who set standards for 
other organizations and people, and an agency such as the Department 
of Defense which is more of an _— agency and does not estab- 
lish regulations applying to people. 

I notice in your third paragraph that you indicate that the Depart- 
ment of Defense complies with and is guided by NCRP recommenda- 
tions and regulations promulgated by AEC through 10 CFR 20. So 
you may interpret this as saying that the Department of Defense is 
subject to AEC regulation in some respects. 

Dr. Tomexrys. In actual practice I would say that the Department 
of Defense is willingly subjecting itself to compliance with these 
regulations as long as they possibly can. I don’t know that there is 
anything in the order that says this is necessary. 

Mr. Ramey. I think last year it came up on some of these, that 
where the Department of Defense and the AEC were willing to get 
the legal cloud of AEC removed from its legal right to regulate the 
Department of Defense, an amendment to the Atomic Energy Act was 

roposed, and the joint committee considered this and decided that it 
did not want to do this at that time. As far as the joint committee is 
concerned, it considers that the standards of radiation safety of the 
DOD are subject to a a by the Atomic Energy Commission. 
Isn’t that right, Mr. Toll 

Mr. Tou. I don’t know that I would say that they were subject 
to approval. I think there is a joint process where they informally 
promulgate them, but they are done finally in the name of the Depart- 
ment of Defense. There is no formal approval under existing pro- 
cedure by the AEC. They are Department of Defense standards, but 
they are normally informally reviewed by the AEC. 

Mr. Ramey. I think there is some question, though, as to whether 
or not AEC does legally have the authority to issue health and safety 
regulations which is a general provision, and whether or not it does 
apply to the Defense Department. 

The only reason for bringing this up is that I believe you are the 
only Department of Defense witness, and this question of who is 
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responsible for what has been the subject of considerable discussion. 
I believe the Department of Defense and the AEC have been requested 
to submit a report to the committee on this problem, which has noi as 
yet been submitted in this session. ; 

Dr. Tompxrins. I think Dr. Berry is going to be available tomorrow 
and that particular point might be considered with him. 

From my own point of view, I can wy say that I personally am 
unaware of any activity carried on by the Department of Defense 
technically that does not use and intend to comply with the established 
ground rules, so tospeak. This does not mean that they would not be 
willing to get up and argue about them if you put them in a difficult 
position. 

Mr. Ho.tuister. Do you include weapons testing in this, for example? 

Dr. Tompkins. Perhaps. As of right now, as far as I know, I am 
about the only person who has specified that the quantity as well as 
concentrations is relevant to the operation of the standards in environ- 
mental activity. There is no formal determination of quantity in any 
of the weapon testing program criteria. It isa matter of keeping the 
gamma down below a certain level, or it was based upon a judgment 
of the long-term relative threats of the various fission products with 
the emphasis focusing on strontium 90 and cesium. 

Remember that the balance point in all of those discussions was 
actual threats to people. This is not covered in the standard. All I 
am saying is that by the creation of this guide it becomes covered. 

Mr. Houuister. Lamsorry. I didn’t hear that. 

Dr. Tompxins. All I am saying is that with the creation of the 
guide this particular basis of judgment is brought into line with other 
techniques for judging radiation protection criteria. These are not 
based upon actual risk; this is just good commonsense safety policy. 

Mr. Hotuister. Do you think that the Defense Department would 
make a decision to fire or not to fire a series of test nuclear rockets 
based on the criteria of the Federal Radiation Council memorandum ? 

Representative Hoiirietp. It could do that very easily by resorting 
to section 7 in the President’s memorandum and issue itself an 
exemption. 

Dr. Tompxins. I would hate to predict what they would actually 
do. I would say I would expect them to feel quite free to make such 
a decision as long as the evidence was that they did not violate the 
guide. The guide I am talking about is that of exposure to people. 

We have not yet gotten around in the Federal Radiation outer 
anywhere else to the subsidiary standards that will actually be the 
point of argument. 

Mr. Houutster. The point that bothers me, Mr. Chairman, is that 
on the one hand we seem to be building up a picture of this memo- 
randum No. 1 which is something largely determining national policy. 
One tests or does not test under it. One fires or does not fire a rocket 
under it. Then, on the other hand, we have this escape clause, which 
is paragraph 7. So I question where we stand with respect to the 


numbers in the guide and, in fact, on the decisions that may be made 
under them. 


Dr. Tompkins. I would like to comment on that. 


These things would certainly be used as a basis of judgment on such 
matters. But a decision to test or not to test is certainly subject to 
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other considerations of a very, very much greater magnitude. In 
other words, with the moratorium before us, there is going to be quite 
a change in many things before a positive decision to test would be 
made. If it is made, it is not at all inconceivable that the national 
pressures at that point would be such that a positive decision would 
be made to violate the guide. There is nothing against this. There 
is nothing that says this could not happen. 

Since it really is a basis of judgment, I would personally object 
to a statement that testing will be done or will not be done under it, 
because this is not the kind of judgment that is involved. The kind 
of judgment that is involved is how free are you. 

The kind of decision that might get involved in this thing is a 
decision to test in the Pacific rather than in Nevada. This is getting 
closer. 

Mr. Horuisrer. Do you think the guide could effectively guide such 
a decision ? 

Dr. Tomrxrs. I say it could be used to guide such a decision. 
There is nothing mandatory about it. To quote a statement of this 
morning, I don’t think judgment can be regulated. I do not think 
that one can put into these policy matters the elements of regulation. 
These are judgments and policy decisions. 

We do need, to even talk the same language, to have some idea of 
when we have departed from a reasonable level of risk. Remember, 
the big debate over the weapon test program was on the acceptability 
of the risk. Once this point is settled, even in a formal way, you can 
at least start talking in the same language. 

Representative Hotirretp. But this should be decided on the policy 
level and not ona subordinate agency level ? 

Dr. Tompxtns. I would think so. 

Representative Hottrretp. Thank you very much, Dr. Tompkins. 

Our next witness will be Dr. Forrest Western, Deputy Director, 
Office of Health and Safety, Atomic Energy Commission. 


STATEMENT OF DR. FORREST WESTERN,’ DEPUTY DIRECTOR, 
OFFICE OF HEALTH AND SAFETY, ATOMIC ENERGY COMMISSION 


Dr. Western. Thank you, Mr. Chairman. 

Representative Hoxirrep. I notice you have been in attendance and 
following these hearings. So I am sure you will give us a good 
presentation. 

Dr. Western. I would like to preface any remarks I might make by 
acknowledging your interest in this subject as we have known it over 
the past 3 years. 

I have spent something like 15 years in trying to understand some 
of the problems of radiation protection. Just as an aside, I might say 
that frequently this is trying to understand the people who propose 


1Date and place of birth: Aug. 25, 1902, Purdin, Mo.; education: bachelor of arts, 
Central College (Missouri), 1924; master of arts, University of Missouri, 1926; doctor of 
philosophy, University of Wisconsin; University of Pittsburgh, 1933; work history: 
Lineoln Memorial University, Harrogate, Tenn., professor of physics and head of physical 
sciences, 1935-42; University of Minnesota, lecturer (physics), 1942-44 ; Tennessee East- 
man Corp., senior en April 1944 to September 1944; Fercleve Corp., director, 


laboratory No. 1, 1944-45; Oak Ridge National Laboratory, Assistant Division Director, 
1954-51; AEC, Washington, D.C., health physicist, Division of Biology and Medicine, 
1951-57; Assistant Director for Radiation Protection, Division of Biology and Medicine, 
AEC, 1957-59; Deputy Director, Office of Health and Safety, AEC, 1959-. 
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various aspects of radiation protection. I feel that in the 3 years dur- 
ing which your committee has been working to create public under- 
standing in this field that you have really made very great progress. 

I have enjoyed also Mr. Hosmer’s interest in the Sofitical implica- 
tions. I realize that he had to make a little balance this afternoon 
against his extreme interest in this subject and his interest in sup- 
porting a bill on the floor. This could almost be an example of the 


conflicts which we are continually involved in when discussing subjects 
Hy of this kind. 


Gana rpeevv,Y 


d I think that throughout these hearings, if we have followed them 

carefully, we have been aware of the fact that every subject which we 
a bring up involves a conflict of some kind, conflicts sometimes of ob- 
g jectives, certainly conflicting considerations which at best can be re- 


solved only by trying to find the ultimate compromise. Our problem 


h in discussing such conflicts is to try to get the proper perspective in con- 
sidering all of these. 

n. I would like to say again that the attitude which you have taken in 

‘is your examination of the witnesses has contributed greatly to this 

ik objective. 

mn. I have prepared a formal statement which you have in your hands. 
‘ In doing so, in terms of another consideration—the time available—I 

Oo 


have had to limit my discussion to two or three points only. I would 


er, like at this point to proceed to read the discussion which I have pre- 
ity pared. 


an The discussions in these hearings have involved or appeared to in- 
volve many different approaches to the problems of establishing and 
icy using appropriate standards of radiation protection. These differences 


appear to stem in part at least from real differences in subjective evalu- 

ation of various factors which enter into the problem of setting stand- 
ins. ards. Perhaps equally important is our tendency to overemphasize 
tor, those factors which we fear are being undervalued by others. 

I should like to review some of the simpler concepts which I be- 
lieve follow from the testimony that has been given, and to relate 
them to some of the problems of application of radiation standards. 
iN It appears to be eqeeeny agreed that any exposure to radiation, 

no matter how little, should be assumed to be biologically detrimental. 

With respect to any one specific biologic effect, such as leukemia or 
and cancer or genetic mutations or aging, this statement does not neces- 
rood sarily imply that there is a threshold dose below which radiation can 
increase the probability of such an effect in a population group. 

For the purpose of this argument it is necessary only to assume that 
over J there is at least one detrimental effect of radiation for which there 
is no threshold or for which the threshold is below the dose an in- 
dividual is likely to receive from background and from medical 
tL say | X-rays. 
ypose It is also a , tacitly at least, that generally in the range of ex- 

posures to radiation with which we are concerned here, smaller doses 
t arts, | are lese detrimental than larger ones. Otherwise, discussions of ap-' 


story: | propriate dose limits would be meaningless. 
Bast: Because it is almost always possible to effect some further reduc- 


rector, | tion in the exposure incident to a particular activity with sufficient 

dicine, | additional anne ae only way in which we can defend any level of 

-dicine, | exposure is on the basis that the reduction of the exposure to any 
584546027 
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lower level would not be worth the effort required. As one progres- 
sively reduces the exposure to radiation from any source, he finds fur- 
ther reduction increasingly difficult to accomplish. Whether the 
effort is measured directly in the cost of more elaborate facilities or in 
terms of inconvenience, loss of time or actual abandonment of a desir- 
able activity, the effect is the same. In fact, most of these are ulti- 
mately evaluated in terms of dollars. 

There are many ways of expressing this concept. For brevity, let 
us say that we should not accept the risk associated with any exposure 
to radiation unless the reasons for accepting the exposure outweigh 
the risk. 

This concept represents a difficult hurdle in our effort to formulate 
meaningful standards of radiation protection. In fact, one might 
reason that this principle excludes the possibility of establishing gen- 
eral limits of radiation exposure which are meaningful. 

How, for example, could a group such as the NCRP or the FRC, no 
matter how well informed they may be, determine that some level 
of exposure such as 0.5 rem per year is the breakpoint at which one. 
cannot increase the radiation exposure of any individual member of 
the general population without the resulting biological hazard becom- 
ing more important than the reasons for accepting the hazard? 

Even if we had filled in all of those gaps in our knowledge of the 
biological effects of radiation to which we frequently refer, we could 
not make a detailed analysis of the reasons for permitting various per- 
sons to be exposed to various man-made sources of radiation. And, 
if we could, the highest justifiable exposure found in the general popu- 
lation would be applicable only to the person for whom it was de- 
termined. 

Obviously, we cannot accept a conclusion that there is no way of 
arriving at radiation protection guides of some value. Our problem 
then is to find that best possible compromise between these conflict- 
ing considerations in order that we may develop the most appropriate 
guides possible. 

At best the problem is very complex. I am sure that we could not 
obtain agreement among the persons here on the purpose of the guides. 
Are we, for example, trying to establish the limits of exposure which 
the general population is willing to accept, or are we trying to estab- 
lish meat of exposure which the population should be willing to 
accept ¢ 


Obviously the first objective could be inadequate and we have no 
criteria for the second. 

Perhaps we are seeking to determine to what extent the population 
might be willing to accept the hazards of exposure to radiation if all 
of the members were reasonably well informed on the nature and de- 
gree of the hazard and on the advantages to be gained from the activi- 
ties which give rise to the exposure. } 

In any event we know that there is a need for appropriate criteria 
of radiation protection and we must provide the best which can be de- 
vised. I am aware that there are differences of opinion on how prob- 
lems of this kind may best be solved and, in fact, on the manner in 


which the solution to this particular problem has beem brought to its 
present stage. 
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Tn discussions of the subject which have been held in these hearings; 
I believe there is one important factor that has sometimes been under- 
estimated. This is the interplay between various persons and groups 
of persons interested in the subject of radiation protection. 

May I interrupt my prepared statement, Mr. Chairman, to say that 
this was, necessarily, written several days ago, and that this interplay 
to which I refer has continued to occur since this text was written. 

Without detracting from the credit due the various groups that have 
worked in this field, I would describe the evolution of radiation pro- 
tection criteria as follows. In part the approach has been and con- 
tinues to be both empirical and experimental. 

On the basis of the best information available, one writes down a set 
of criteria which seems to be a reasonable solution of the problem and: 
observes the results. The results of interest are not confined to the 
biological effects of radiation exposure which occur in the presence of 
these criteria. They include the comments of the various persons who 
find situations in which the criteria seem inappropriate as well as those 
of people who simply do not agree. In the present instance, they in- 
clude the efforts of Government agencies to meet their responsibilities 
for public health and safety by conversion of the criteria to regula- 
tions, and they include the efforts of your committee to examine and 
clarify the whole question. 

Most of these activities represent efforts to modify the criteria in 
question. In short, this is democracy in action. The quality of the 
result at any stage of development, and the speed with which progress 
is made, may depend very largely on the efforts of a very few persons 
or groups of persons. In particular, the contributions of the National 
Committee on Radiation Protection in this field have been widely 
recognized. 

The latest stage of this development of criteria for radiation pro- 
tection is represented by the guides recently recommended by the Fed- 
eral Radiation Council and approved by the President. To what ex- 
tent they involve modifications of the most recent recommendations 
of the NCRP is not immediately apparent. While the numerical dose 
levels recommended as guides by the FRC are generally the same as 
those designated by the NCRP as maximum permissible limits, dif- 
ferences in language are more significant. 

Speaking as an individual but basing my remarks upon my experi- 
ence as an employee of the Atomic Energy Commission, the principal 
new regulatory problem raised by the approved recommendations of 
the FRC are the notes (5) and (6) included in recommendation 3 and 
recommendation 7 which appear to place an obligation upon the 
agency to adjust permissible limits to various needs. . 

In view of the nature of radiation guides, as discussed in these 
hearings, the general objective of these provisions appear to be appro- 
priate and, indeed, to be an almost inevitable result of the study 
given this subject by the staff of the Council. On the other hand, the 
processes of law and regulation are such that the freedom with which 
a Government agency can adjust requirements to specific cases is 
frequently severely limited. 

_ I am certain that to develop the maximum application of these 
instructions, consistent with good regulatory practice, will require « 
considerable period of time. It appears reasonable to expect that 
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some of the needs of the various Federal agencies for more detailed 
guides for different classes of applications can be worked out either 
formally or informally within the framework of the FRC. 

There are many questions which might be discussed under this 
heading—the “Outline of the Hearings” suggests some 23. But I 
would like to conclude my prepared statement with a suggestion for 
a more practical concept of standards for environmental application. 
At the present time we are led to think of environmental standards in 















































terms of limits on the exposure which might be received by any indi- ’ 
vidual in a population group. ‘ 

This concept, which is automatically carried over from our occupa- é 
tional standards by the application of a numerical factor, is a very 
valid one, but in the environmental] situation is not a very useful one. f 
This is because we are unable to avoid variation in environmental t 
conditions, because it is generally impracticable and even undesirable ¢ 
to monitor the radiation dose received by each person in a population | y 
group, and because we may have little knowledge of or control over the D 
activities of the individual. 

Aside from the fact that this is the way we are accustomed to e 
expressing radiation protection criteria, why should we attempt to p 
express environmental hazards in terms of the maximum dose which Ct 
any person might conceivably receive? Our real objective is to limit | a 
the risk to the individual. vi 

The nature of the risk in which we are really interested is the very | ir 
small probability that the exposure of the individual to environmental ce 
sources of radiation may result in a serious disease or genetic effect. 

In the end we can only restrict the environmental risk by restricting 
the activities that result in adding sources of radiation to the environ- 
ment. In a specific environmental situation there will result a more | m 
or less characteristic distribution of exposures to people in the environ- [ us 
ment. The overall risk to any one person depends not only upon the | F, 
radiation dose which he might conceivably receive but also upon the | fo 
probability that he will receive such a dose. se 

The desirable objective in writing environmental criteria is to find | on 
meaningful and useful ways of limiting the risks in terms of the | wi 
characteristics of the environment rather than in terms of the maxi- 
mum dose to any individual in the environment. qu 

To the person who objects that he cannot accept any environmental | 
condition in which there is even a small probability that some person | mc 
might receive an exposure of 1 or 2 or 3 rems in a year’s time, one can | me 
only ask, “How can one accept a certain exposure of 0.1 rem or 0.01 rem [| th 
or 0.001 rem if there is a small probability that such an exposure will | me 
result in such a serious biological effect as, for example, leukemia?” is : 

It may be observed that the Federal Radiation Council has made | pr 
some progress in developing this concept, but has not put the concept ' 
in a clear-cut form. As I understand the recommendation of the} we 
FRC, it amounts to saying (1) that individuals in the general popu- ] 
lation should not receive radiation doses higher than 0.5 rem per year | ch« 
and (2) it may be assumed that this condition will be met if the ] 
environment is such that the average dose to persons living in the} the 
environment does not exceed one-third of this level, 0.17 rem per} bri 
year. per 
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led May I say, Mr. Chairman, that I have not quoted the language of 
her the FRC here. I believe that the FRC states that in determining 
: whether or not the environmental level is excessive, one takes a repre- 
this sentative sample. I have interpreted a representative sample as being 
it I equivalent to a determination of the average dose to a representative 
for environmental group. 
ion. It would be just as effective in terms of controlling the risk if one 
sin were to say that the risk to any individual living in the environment 
ndi- will not be considered excessive if the environment contains distributed 
sources of radiation resulting in an average exposure to persons in the 
1pa- environment not greater than 0.17 rem per year. 
very With this criterion, of course, although it may have been developed 
one. from the point of view of a reasonably low probability that the dose 
ntal to any individual would not exceed five-tenths rem per year, the 
able criteria as stated would make no mention of the five-tenths rem per 
tion | year. In other words, in stating the criterion we have passed the 
‘the numerical reasoning which led us to the criterion. 
With the statement in the form given by the Council, past experi- 
1 to ence indicates that we will be plagued with the misgivings of many 
rt to persons who realize that one cannot assure that in an environmental 
hich | condition an individual exposure may not exceed three times the aver- 
limit | age and who fail to understand that the assumption is only a crutch by 
which persons accustomed to thinking in terms of limits applied to 
very | individuals make the transition to the more practical and useful con- 
sntal | cept of environmental control. 
ffect. These, Mr. Chairman, conclude my formal remarks. 
ting Representative Hotirtetp. Mr. Hollister. 
iron- Mr. Hoxuister. Dr. Western, I think your comments to the com- 
more | mittee on the role of people in radiation protection have been very 
iron- | useful. I would like to ok you if it is not possibly a deficiency in the 
nthe | Federal Radiation Council memorandum that much of the rationale 
n the | for the numbers given there appears, as I read it, to be missing. It 
seems to me that one of the common practices in legislation is not 
» find | only to pass a law, but to write a great big long report to go along 
f the | with it which serves the function of expressing legislative intent. 
maxi- Let me rephrase this. Do you feel that the memorandum is ade- 
quate in this respect, or do you feel perhaps it is deficient ? 
rental Dr. Western. Mr. Hollister, there is nothing that a scientist likes 
erson | more than to be invited to discuss the problems of politics, govern- 
1e can | ment, and things of this sort. Let me say, first of all, that I consider 
‘1 rem | the framework in which the FRC acts to be somewhat of an experi- 
e will | ment in governmental activity. There is no doubt but what there 
a?” is a very serious need in the Federal Government for coordination of 
made | problems of this sort at the highest possible level. 
mncept To come back to Mr. Holifield’s description earlier in the hearings, 
of the | we have planted a tree; you recall the rest of the description. 
popu- Representative Hortrretp. I am just wondering whether I should 
r year | chop it down. 
if the} Dr. Western. There are factors here which I think explain in part 
in the} the particular memorandum about which you ask. Let me say very 
m per} briefly, in answer to your question, that it is not quite appropriate, 






perhaps, to put into a paper which is to be signed by the President 
an extreme amount of technical detail. Whether the detail that was 
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put in the paper is appropriate or not, is a question which one may 
discuss. I am not passing judgment on that. But there are limita- 
tions, I think, to what one might do. 

As you realize, the memorandum is supported by a background 
report which goes into these questions in a great deal of detail. 

I should like to state further that I would doubt very much if any 
one person who helped to prepare this report would agree entirely 
in the memorandum as it was prepared. This is characteristic of the 
work of committees, as you know. One tries to find statements upon 
which the entire committee can agree, and frequently material is cut 
out because of strong objections on the part of one person who may or 
may not represent the best point of view. 

Mr. Ramey. I would like to ask you the same question we asked 
Dr. Tompkins. On page 7 of your statement you say that in the 
end we can only restrict the environmental risk by restricting the 
activities that result in adding sources of radiation to the inviron- 
ment. 

Dr. Western. This is generally true. 

Mr. Ramey. Do you believe it would be desirable for the Federal 
Radiation Council to review each major program that would increase 
the amount of radiation affecting the public at large ? 

Dr. Western. I have stated in my statement that I hope that 
through the meckanism of the Radiation Council, either formally or 
informally, that many of these questions can be answered. I think 
it is too much to expect the Federal Radiation Council to have come up 
with an answer to all of these at this time. 

Mr. Ramey. Still, the increase of radiation from some major source 
might still stay within the standard as it has been established in the 
radiation guide. 

Dr. Western. That is correct. 

Mr. Ramey. You run the risk, however, of building up so that you 
will have a radiation level at the standard. Then you get the next 
fellow who goes over. 

Dr. Western. I am not sure I know what you mean by getting him. 

Mr. Ramey. Then the next agency that goes over has to justify it. 
I guess that is the way the standard is set up now. 

Dr. Western. You are not talking about individuals who are being 
exposed to radiation. You are talking about the activities of agencies. 

r. Ramey. That is right. That would expose individuals at a 
level higher than permitted by the guide. 

Dr. Western. Obviously there is a need here for the coordination of 
the activities of various groups of persons who are releasing radio- 
active material into the environment. 

Mr. Ramey. That is not being done at the present time. 

Dr. Western. I don’t know of a case in which there is a notable ex- 
ception. Do you have a case in mind ? 

Mr. Ramey. Is there any central place that keeps records on the 
total exposure level ? 

Dr. Western. Exposure levels to whom? 

Mr. Ramey. To the population. 

Dr. Western. Average to the general population ? 

Mr. Ramey. Yes. 

Dr. Western. No, there is not. I believe those of us who are suf- 
ficiently familiar with the levels that one finds in the neighborhood of 
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nuclear energy installations, for example, and similar activities, have 
reason to be confident that the average exposure to the total popula- 
tion from these sources is rather small. The question of exposure 
from medical X-rays has been discussed in great detail and I need 
not mention that. The question of exposure from weapons testing 
has been discussed in detail and I will not discuss that. But from the 
point of view of the routine operations over which Government agen- 
cies have control, everyone who is at all reasonably well informed is 
agreed that the levels ot exposure averaged through the whole popu- 
Jation are extremely low compared to these standards. I should not 
say extremely low, but are a small fraction of that permitted under 
the standards. 

Mr. Hoxuisrer. Could you discuss what you think the practical 
effect of this first memorandum of the Council will be over the general 
range of AEC operations, not only regulatory but internal contract 
operation, and so forth? What will be the practical effect ¢ 

Dr. Western. I would say that I don’t believe there will be a very 
strong impact on our present position. I would rather look forward 
to the developments within the Federal Radiation Council during the 
next year or two. Let me say that regardless of whether one is talk- 
ing about the recommendations of the NCRP or of the Federal Radia- 
tion C .. cil, where one applies these in very broad language to the 
avere ~ »f very large population groups or specifically to individuals, 
the. rd almost no guidance to many of the problems with which 
we are faced. 

For example, take a very simple question like this: Should we 
license the use of uranium in the glass from which one would make 
a glass pitcher? Obviously we could make a lot of glass pitchers, 
coloring them with uranium, without raising the average exposures to 
the whole population by a very large fraction of that permitted under 
the recommendations of NCRP, or FRC. These afford us no guid- 
ance at all. Yet we have to make these judgments. We have to 
determine a governmental policy on this. Are we going to say that 
the Government is in a position of trying to determine the value of 
applications, or are we in the position of simply determining that 
certain applications will not lead to exposure exceeding a certain 
standard of safety? 

There is a big difference between these two points of view, and it 
is one which we have not resolved as yet. The recommendations of 
the Federal Radiation Council put it up to us more strongly than 
before to resolve questions of this sort. e hope that we can go back 
to the Federal Radiation Council for further guidance in effecting 
their resolution. I speak as an individual again, but I am sure that 
my feeling is shared by many other individuals. 

Mr. Hotutster. Could you add an illustration involving release of 
materials tothe environment? Do any such illustrations come to your 
mind, that the AEC faces? 

Dr. Western. I might mention again, and this has been touched 
upon once or twice in these discussions, really we are interested in two 
kinds of activities. We are interested in those activities over which 
we have continuing and rather firm control, and we are interested in 
those activities in which our control is continuous until an accident 
happens with the result in some cases that the release might be much 
larger than we would like to see. These are cases, we trust, with 
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exceedingly small probabilities. So when one takes the product of 
the probability times the result, the risk is still quite small. It is 
very difficult, I believe, to apply current recommendations of the 
NCRP or the guides of the Federal Radiation Council to this latter 
class of activity. This may not be the kind of case you have in mind, 
but it certainly is a problem area. 

Representative Hoitrretp. Dr. Western, I have a few specific ques- 
tions referring to application. If you are not familiar with these, 
perhaps you can tell me to whom I should direct the questions. 

The AEC has proposed in section 16-18 of its proposed criteria for 
guidance of States some general language on inspection. Are you 
familiar with that ? 

Dr. Western. I would prefer not to answer the question. Iam only 
generally familiar. I have not worked on this. 

Representative Hoxrrrexp. Is there anyone with the AEC group 
present who has worked with it? 

Dr. Western. Yes. Dr. Woodruff will be here tomorrow. He has 
been here continuously until this afternoon but he had to return to Ger- 
mantown this afternoon. 

Representative Hoxirretp. We will reserve the questions for him, 
then. Thank you very much, and we will excuse you now. 

Dr. Western. Thank you, Mr. Chairman. 

Representative Horirtecp. You are on the roundtable and it is now 
time for the roundtable so you might as well stay. 

Dr. Richard Chamberlain, Dr. Edwin Laug, Mr. Duncan Holaday, 
Dr. Weber, Dr. Tompkins, Dr. Western, Dr. Schubert, Mr. Healy. 
Mr. Parker is in the room and we will invite him to come forward. 

Gentlemen, you have heard some testimony today, and I am sure 
you have some comments to make on what has been said. I will start 
again with the people who have not testified today. 

Mr. Healy, would you have some comments to make on any of the 
points that have been brought out? 


ROUND TABLE’ ON TOPIC III-C 


DR. RICHARD CHAMBERLAIN, UNIVERSITY OF PENNSYLVANIA; 
DUNCAN HOLADAY, U.S. PUBLIC HEALTH SERVICE; DR. FRANCIS 
WEBER, U.S. PUBLIC HEALTH SERVICE; DR. PAUL TOMPKINS, 
SCIENTIFIC DIRECTOR, U.S. NAVAL RADIOLOGICAL DEFENSE 
LABORATORY; DR. FORREST WESTERN, OFFICE OF HEALTH AND 
SAFETY, ATOMIC ENERGY COMMISSION; DR. J. SCHUBERT, DIVI- 
SION OF BIOLOGICAL AND MEDICAL RESEARCH, ARGONNE NA- 
TIONAL LABORATORY; J. W. HEALY, HANFORD LABORATORIES, 
GENERAL ELECTRIC CO., HANFORD, WASH. ; H. M. PARKER, HAN- 
FORD LABORATORIES 


Mr. Heaty. I believe, Mr. Holifield, I would prefer to pass at this 
moment, if I may. 


Representative Hottrretp. We will jump then to Dr. Schubert. 


1 Biographies of participants appear at beginning of their testimony. 
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Dr. Scuvusert. Yes, I do have some comments. I would like to make 


eos some comments on medical radiology along the line that Dr. Cham- 
. berlain talked about. I don’t think it is necessary to dwell on the 
se many benefits of medical radiation. We are all aware of the great 
a benefits that have been made and are being made. I do want to point 
out, however, that the majority of our radiation exposure, that is to 
— the population, comes from medical radiology. Medical radiation 
ee accounts for more than 90 percent of the exposure to the population. 
t It is also the easiest source to control. 
pe I would say dogmatically that if nothing is done about it the FRC 
—_ may as well close shop, because this (that is, medical) is the biggest 
source of radiation exposure. 
mly The question is, Can this be controlled? I think one cannot go on 
personal opinion as to whether radiation overuses by the medical 
op.) profession can be controlled and reduced significantly by self-regula- 
tion. A great deal of medical radiation is delivered by nonradiol- 
has ogists. In various installations and in individual cases, people do take 
Grer- care and there are improvements made. But I submit that when you 
; examine the record over the years, you find that there is no significant 
him, overall improvement. 
When you are dealing with hundreds of thousands of physicians 
and apparatuses and hundreds of local medical societies, to get satis- 
~— factory improvement in the use of radiation sources in a reasonable 
time by self-regulation and educational campaigns I think is out of the 
day, question, as the record shows. I would like to cite a little of the record. 
ealy. Mr. Parker in 1942 with the radiologist, Dr. Buschke, published a 
vard. paper in the Journal of Pediatrics, pointing out that in seven machines, 
Sure offices chosen at random, the average exposure to children was 100 
start roentgens per year to those who went in once a month. The average 
output of the machine was 25 roentgens, and so on, and more than 50 
f the percent of the pediatricians did not dark-adapt their eyes. This re- 
port was published in 1942. It was presented before a pediatrics 
society meeting. 
In 1955 another survey of pediatric machines over a wide area was 
] made by Dr. M. R. Zavon and I can only quote from part of the paper 
NIA; which appeared in the Journal of the American Medical Society in 
NCIS | 1956: 
KINS, What is most disquieting is that the situation described in 1955 is virtually 
ENSE unchanged from that described by Buschke and Parker in 1942 in Seattle. 
AND Dr. Sonnenblick in New Jersey made a similar survey in the 1950's 
DIVI- | of New Jersey pediatric offices, and found the same situation as existed 
3 WA- | 11942. In 1941 Dr. Scheele, former Surgeon General, made a survey 
RIFS of hospitals and found sloppy eae and carelessness. Radium was 
>? not aoe shielded properly. Dr. Quimby, professor of radiology at 
HAN- i ia, cited this report and said that this should open our (radiol- 
ogists) eyes. 
In 1951, the Liberty Mutual Insurance Co., Dr. Williams’ outfit, 
ut this | madea survey of 12 hospitals and found all of them were careless. 
, In 1955, Dr. Sonnenblick found that only 2 physicians out of 200 


using fluoroscopes knew dosages. In 1959 the survey to which Dr. 
Chamberlain referred in Philadelphia, 81 fluoroscopes were surveyed 
and here too the great majority of the M.D.’s, nonradiologists, did not 
know the output of their machines. 
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Survey after survey shows that only one or two physicians out of a 
hundred know how many roentgens their machines delivered. If you 
went to a physician and he didn’t know how many cc.’s of a dangerous 
drug he was injecting, you would probably call the police. Here are 
physicians giving doses of radiation and the majority don’t know 
how much of a dose in roentgens they are delivering. 

In 1959 in the Philadelphia survey the majority of physicians did 
not wear goggles and did not dark-damp their eyes properly. 

In New York City, where you might expect the most advanced prac- 
tice, Mr: Blatz of the New York Office of Radiation Control, made a 


report and found again carelessness in the majority of cases, no dark- 
adaptation of theeyes. Hesaid— 


It was observed that an alarming number of X-ray films were being taken 

without limitation of useful beams to the area of clinical interest. Many physi- 
cians were not shielded by protective barriers. 
Then he pointed out that in observing the delivery of X-rays to chil- 
dren, the beams were so wide that the children’s gonads were exposed, 
and he said that the estimates of population gonad dose from chest 
examinations will have to be coriae upward. 

Then Dr. W. G. Frederick Head, of the Bureau of Industrial 
Hygiene in Detroit, with 20 years experience, inspected 1,000 dental 
installations and 1,000 medical, and reported in 1959 that about 75 
percent of the installations needed improvement. Quote: 

Administratively one must ask, are these inspections profitable and necessary 
to protect workers in the healing arts and to the public from unnecessary expo- 
sure to ionizing radiation. The answer is “Yes.” 

A study made by Mr. Healy and others at Hanford shows that the 
majority of the gonad exposure occurred to children below the age of 
12. In other words, they got most of their exposure before they were 
12 years old. If these were isolated cases, I would not bother to cite 
them, but this is a general case. 

Improvements have been made in areas. However, when you ex- 
amine the record, you find that the situation today is not sufficiently 
changed from what it was 30 years ago, in general. 

Representative Horirrerp. Except that there are more machines. 

Dr. Scuupert. Yes. As a matter of fact, from 1925 to 1960 there 
has been nearly a tenfold increase in medical radiation. 

Mr. Ramey. Is there a total population increase in radiation? 

Dr. Scuupert. Yes. 

Mr. Ramey. Since 1925 or 1940, when you cite these other studies? 

_Dr. Scuuserr. Yes. The total population has increased in medical 
X-rays correspondingly without cessation. I may add that quasi- 
official suggestions for the control medical radiation were promulgated 
in 1928 and the changes have not been very great. Dark adaptation 
and shielding have been recommended since 1928. So there is nothing 
new. I may add that in a survey that Dr. Yale will testify on later 
this week, 50 percent of all the dental X-ray equipment in this country 
is faulty in the sense that they don’t have filters in their beams. There 
may be some local improvement, but nothing very much. I don’t want 
to take up much more time except to say that if we are going to reduce 
at one stroke the amount of medical radiation, which is the biggest 
contributor, and takes away from our other bank account, so to speak, 
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I would say there are certain things that have tobe done. One is com- 
pulsory licensing and inspection as an absolute necessity. 

Certain therapeutic uses for noncancerous conditions can be elim- 
inated without harm. I mean, for example, treatment for acne and 
warts which take a great deal of radiation. I am not referring to 
interfering with medical practice as such. There are many trivial 
uses. But again, when you can use an X-ray instead of a fluoroscope, 
for example, there is no reason why it should not be done. 

I believe one can make specific recommendations which would not 
interfere with medical practice. Certainly I am excluding therapeutic 
use of radiation for cancer treatment. 

Representative Hoxirretp. That ought to cause a little comment. I 
see someone has a hand up. 

Mr. Parker. Yes, sir, Mr. Holifield. May I first qualify myself 
today as an individual rather than a representative of General Electric 
Co., and an individual qualified in medical and radiological physics, 
including that branch which is sometimes known as health physics. 
I think it is not inappropriate, Mr. Chairman, if 1 may compliment 
Mr. Hosmer in absentia on his line of questioning of Dr. Chamberlain 
this morning. This point is a relevant one, because I believe that Dr. 
Chamberlain’s testimony in summation says that somewhere between 
5 and 10 percent of the machines in the particular studies that he 
was talking about are either bad or very bad. One could make a 
reasonable assumption that this may account for at least 5 to 10 per- 
cent of the total radiation provided by the complete medical services. 

It is true, and here I agree totally with the opening comments of 
Dr. Schubert, that this can be reduced and the reduction by this 5 or 
10 percent is overwhelmingly greater than all other radiation received 
by human gonads in this country with the possible exception of fallout, 
and I think calculation would show that it includes that, too. 

Representative Horir1ecp. This committee first started in their hear- 
ings in 1957 on the problem of fallout. Now we find that there is 
apparently a much greater danger from different types of radioactive 
devices of different kinds, such as X-rays and fluoroscopes. Ap- 
parently this is the big field of danger rather than fallout. 

Mr. Parker. There is another side to this, Mr. Holifield. I think 
the medical profession tends to have too many critics who have not 
troubled to work with the medical profession and understand their 
needs. I would like to point out, sir, that in the last 2 days you 
have had before you two of the Nation’s most distinguished radiol- 
ogists, both gentlemen with a considerable degree of personal modesty. 
You had Dr. Russell Morgan here yesterday, who did not mention that 
he spent a considerable part of his career in developing a device 
known as the image amplification method of fluoroscopy, which if it 
goes through successful development has a chance of reducing the 
medical exposure in fluoroscopy to something like one five-hundredth of 
the earlier value. A very practical figure might be one-twentieth to 
one-hundredth of the earlier value. This, I submit, is a little more 
important than throwing around more words on the tight definitions 
in some cases; that is, to get on with the practical job within the medi- 


cal profession of reducing exposures, or at least providing means of 
doing this. 
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Dr. Chamberlain was before you this morning, sir, and speaking for 
his modesty, let me say he personally did all the work in providing 
for the medical and dental profession this manual which I would like, 
if possible, to be considered a representative part of the record. This 
speaks in very down to earth terms to the doctors and the dentists and 
not particularly to those who spend their full time professional career 
in radiology, which I think is a most important point. 

May I take time to read one page which reads as follows: 


We must recognize radiation hazards because they are real. They can affect 
all of us, and they can affect posterity. We have a professional responsibility— 


here Dr. Chamberlain speaks as one physician to another— 


because we use radiation. Medical and dental use of radiation produces a 
major part of the radiation exposure of human beings. We need radiation. 
Continued use of radiation for diagnosis and treatment is essential in modern 
medicine and dentistry, and we can control radiation. The amount of radiation 
exposure can be reduced by practical methods, while we still obtain the needed 
diagnostic information. 

I would point out, sir, that this, I think, reflects a spreading of the 
full facts of the case within the profession. The rest of this book, sir, 
is written essentially in popular terms and is, I believe, one of the 
better teaching instruments in the country; 200,000 copies have been 
distributed to professionals, including 160,000 or so to physicians, 
and I think now in excess of 25,000 to dentists. I think the first 
printing was 25,000. I believe 50,000 are circulating in the Spanish 
language for the benefit of our friends in the other countries. This is 
one example and I bring this particular one in only because Dr. Cham- 
berlain is here. I submit it indicates that the profession is working 
actively to improve conditions. 

Dr. Schubert happened to mention a paper in which I believe my 
own name was associated. May I take the time to provide some 
followup of that comment. 

Yesterday we had some conversation about the taking of X-ray 
pictures of women in pregnancy and the fact that when you take the 
picture and find you are going to be blessed with twins, it is academic. 
This is an area I speak of not as a scientist but as one has a substantial 
body of information since I happen to ve the proud father of two sets 
of twins. In the first case if an X-ray had not been taken when it was 
taken, these particular twins would have been born in the wilderness 
of the Olympic Mountains a hundred miles from the nearest hospitals. 
Since they were extremely premature there would have been only one 
conclusion to the episode. As far as I am concerned, there was one 
specific instance where there was a benefit of radiation. 

It was, however, following this that the study that Dr. Schubert 
mentioned was undertaken because I did watch with interest the 
practice of X-raying the infants and then made some measurements 
and joined with Dr. Buschky to prepare such a paper. It is specifically 
untrue to say that there has been no improvement in that. The im- 
provement in the subject case has come about through the best possible 
way. At the time the paper was written the pediatric society did give 
us a full hearing. In the first place, that is very much to their credit. 
It is true that perhaps they did not wish to accept all the ramifications 
of such a paper. It was the first that pointed out this genetic problem 
in repeated fluoroscopy of infants. 
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Later, and during the war period, it happened that the very radiolo- 
gist who had been indirectly responsible for this; namely, the pedia- 
trician who attended my own children, became an outright crusader 
for the need of his profession to reduce the exposure. He toured the 
State of Washington extensively for many, many years, and has done 
a notable service. s 

There was some conversation about going to New York or Phila- 
delphia this morning for certain X-rays; if any of you need to do 
this with respect to examination of twins, may I commend to you 
almost any location in the State of Washington, but particularly 
Seattle, Wash., and Richland, Wash. 

Representative Hoxirretp. I hope we don’t have to go that far for 
our eereg service. Isthere any further comment? 

Dr, Cuampertatn. I would like to say a few words. Asa physician 
myself, I am constantly in the process of reexamining and being criti- 
cal of my own performance, and of the indications for procedures, 
and the way we do things. It happens that I grew up under the 
tutelage of one of the outstanding protagonists of radiation protection 
in this country, Dr. Pendergrass. I learned early about protection 
and became an enthusiast for it. I think we have taken pride in our 
personal department that we have had high standards of radiation 
control and protection. But I will assure you that as recently as in 
the last week we are still finding in our own department, with two 
full-time staff radiological physicists, who are also imbued with this, 
with every member of the staff so imbued, loopholes that can be closed. 

Also, in a passion for trying to make protection effective, I go around 
the country speaking about this, and I use the illustrations from our 
own department and our own activities to show how you can have 
messes. I think doctors should do this. I think many of the papers 
and reports that have come out in the literature are in this spirit of 
critical self-examination and of being honest and forthright about 
this, because this is the way you stir up interest of other people to 
improve themselves. I don’t think that the papers in the medical 
literature can be considered as representative of the situation across 
the country. We don’t have countrywide statistical critical studies 
at this stage. 

I alluded to the type of local studies. Whereas I am beating the 
drum in my area and across the country to try to improve things, when 
I say that 10 percent of the machines are bad, I mean bad in a frame 
of reference. I don’t mean that any of these machines are as bad 
as the machines were 30 years ago, and very seldom do you find one 
that really is that bad. Manufacturers have improved things. A lot 
has been done, even to the doctor who does not happen to know the 
output at his panel top. So all I can judge this on is that I would be 
disappointed if all of our efforts at teaching, going back to Dr. Parker 
and through a whole history of teaching this to generations of medi- 
cal students and so forth, had had no effect at all. I simply don’t 
believe that the situation is unchanged myself, but cannot quote 
statistics to prove this. 

Representative Hottrretp. Do you feel that there are a number of 
other drumbeaters besides yourself ? 

Dr. CHampertatn. I know that there are. The Nation is full of 
them. I can name at least 50 radiologists who speak at least once a 
month on this subject to various groups who are interested in it. 
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Representative Hotirretp. So you feel that there is a spreading of 
the importance of care in this field. 

Dr. CHAMBERLAIN. Yes. 

Representative Hoxirretp. Do you feel that this is universal or is 
it in a few of the more advanced States? We find in our regulations 
that only California and New York have taken advantage of our State 
enabling legislation to really legislate what you might call model 
atomic energy legislation on the State level. The other 48 States 
have not done so. How about the backward States in this Nation? 
There must be backward States in medicine as well as in hospitaliza- 
tion and techniques and equipment as in other fields. 

Dr. CHaMBeErRLAIN. I am sure that at least half of the States have or 
are in the process of passing State regulatory codes, not necessarily the 
particular one you refer to, outlining reasonable criteria. 

Representative Horirmxp. We are talking now about X-ray 
machines. 

Dr. CHAMBERLAIN. Yes. 

Mr. Ramey. Most of those are just registration requirements. 

Dr. Cuamper.atn. Most of them set criteria for basic apparatus 
performance also. 

Representative Hotirretp. How about inspection of machines and 
calibration of machines and elimination of obsolete machines? 

Dr. CHAMBERLAIN. Again these are precisely the features that have 
been emphasized in all of the voluntary exhortations. I think the 
majority of these codes have provisions for this, but have been difficult 
of accomplishment with the present numbers of qualified inspector 
personnel in States. I know Pennsylvania has had a lot of trouble 
with that. 

Representative Hoxtrrecp. And with a possible lack of enthusiasm 
on the part of a doctor who may have an expensive machine, and who 
uses it very seldom. 

Dr. CHAMBERLAIN. Again I will cite the experience in Philadelphia. 
When these flaws in filtration and such things, which are of some 
importance but as I said this morning are really not the big problem— 
they are just one of the problems—have been pointed out, we have in 
no instance had to bare our teeth in Philadelphia to get the physicians 
to remedy the situation. 

Representative HotirteLp. To improve their older machines? 

Dr. CHAMBERLAIN. We have had a high level of compliance with- 
out resort to any force or legal action. 

Representative Hotirretp. But you would not want the commit- 
tee to understand by that statement that this necessarily obtains 
throughout the United States ? 

Dr. CHAMBERLAIN. I don’t think I can say that, sir. 

Representative Horirrecp. As a matter of fact, we don’t know 
whether it obtains. There is a national survey going on and at this 
time we cannot say one way or another. 

Dr. CHampBer.atn. That is right. I can only state an opinion. 

Dr. Scuusert. I was quoting the statement that there were no im- 
provements. I said earlier that there has been improvement in the 
medical use of X-rays. I submit that it is far from adequate. In 
Philadelphia there might have been improvement in the 81 that hap- 
pened to be inspected. But every survey I have seen covering large 
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areas, and that is the best we can go on, show that the overall im- 
provement is not sufficient to cut down the medical radiation, 

On pelvimetry of pregnant women, I was speaking to Dr. Stewart 
in England, whose survey indicates a doubling of cancer incidence in 
children from pelvimetry. As a physician she told me that if her re- 
sults are correct it should be simple to eliminate most pelvimetries. 
She was subjected to unexpectedly strong criticism. In some in- 
stances, in the United States, the number of X-ray pelvimetries of 
women is 5 to 10 times greater than necessary. I am basing this on sur- 
veys of gynecologists’ opinions. Dr. Morgan testified that they re- 
duced pelvimetry. to the vanishing point in his hospital, showing that 
if they can do it there, there is no reason it can’t be done elsewhere. 

But the point is that no effective reduction in radiation exposure 
will be done nationally on a voluntary basis without compulsory 
regulations. 

Mr. Ramey. Could I raise a question there? From a regulatory 
standpoint, do you think it is feasible to just pass a law or pass a law 
that has enabling language that would permit a board, or the AEC or 
the Public Health Service or a State agency, to say, “There shall be 
no more of these types of use of X-ray”? 

Dr. Scuvunertr. No. In the first place, I think the FRC would be 
the proper group to direct actual inspections. I would say that as in- 
spection and control improves, the States can take over and minimize 
the work of the FRC. 

Mr. Ramey. In the regulation of what? 

Dr. Scuvsert. Inspection of equipment, measurement of their out- 
put, and also of certain uses which I think are unnecessary and which 
can be decided by a board. 

Mr. Ramey. I don’t think people have argued very much that 
you can require registration of equipment, that you can set up stand- 
ards for its operation. I think where they begin to get the argument 
is regulating the doctor in his relation to his patient. 

Dr. Scuvusert. No. This is unnecessary. You can certainly require 
that machines be operated according to the NCRP standards. This 
would be an improvement. Registration alone does not help. There 
are so many cases where a dentist or physician will point to a little 
certificate on the wall saying his machine is registered, with the as- 
sumption this means it is operating all right. There is quite a differ- 
ence. I think registration and some regulation is not unknown to the 
medical profession. Narcotics is an example where there is a certain 
amount of paperwork and regulation of use. I would say radiation 
can be considered like any other drug and be regulated without inter- 
fering with the doctor-patient relationship. 

Representative Hoxirrmeip. Dr. Tompkins. We don’t have to stay on 
this particular topic all afternoon. We can go to something else. 

Dr. Tomrxrins. I would just like to disagree with Dr. Schubert pri- 
marily on the concept. Isimply do not agree with the initial statement 
that because exposures to people from medical practice are somewhat 
higher than some other sources that either medical practice needs to 
be brought under the regulation of a policymaking body filled with 
Cabinet officers, or that this particular point in any way would abro- 
gate the need for the policy guidance for which I believe the Federal 
Radiation Council was set up. 
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My own personal opinion is that the implication behind Dr. Schu- 
bert’s position is that radiation protection is the most important thing 
facing the American people. I submit that this simply is not true, 
and there is something wrong with our country when we let it become 
true. Consequently, the total hazard picture in our life today, for 
which the Federal Radiation Council is supposed to keep the nuclear 
technology in balance, should be aware of and sensitive to the implica- 
tions of medical practice. 

I think it is a far cry from the purpose of the Council, from the 
purpose for which the Budget Bureau first set this modus operandi up, 
to stretch it to a point of a general radiation protection regulatory 
agency where one agent out of all the agents in which the country is 
involved is picked out and followed through every phase of American 
society. If one is going to do it with this, why do we not set up 
regulatory agents for carbon monoxide, for heat, for almost any other 
agent we want to play with. 

Representative Hotirreip. Do you think that the American Medical 
Association would be more properly the organization to take care of 
this situation ? 

Dr. Tompxrns. In my opinion; yes, sir. This does not deny the 
fact that the actual radiation exposure from medical practice is high. 
In other words, I do not think that handling of nuclear technolo 
should be justified on the basis that its contribution is small in compari- 
son to medical practice. I don’t think this justified our management 
of the technology at all. 

Representative HorirreLp. We invited the American Medical Asso- 
ciation to appear and their letter of May 25 says: 

DEAR CONGRESSMAN HOLIFIELD: At the present time the AMA has not formu- 
lated a policy relative to radiation protection criteria and standards which will 
be the subject of the hearing by your subcommittee. The AMA has an ad hoe 
committee on atomic medicine and ionizing radiation which is to study this 
matter and catalog the major problems in this field for our board of trustees. 
The board will then determine which problems might be pursued most effectively 
by the association. Thank you very much. for inviting us to testify on this 
important issue. However, we must decline to testify at this time, although I 
sincerely hope in the future we may take an active part in the hearings on this 
subject. 

So apparently the American Medical Association has not done too 
much. They have an ad hoc committee and apparently they are not 
assuming this responsibility. 

Dr. CuHAmper.atn. I think it should be said, however, that they have 
had for many years representatives on the NCRP who have taken an 
active part in the formulation of NCRP recommendations. 

Representative Hortrretp. This may be true, but they are not doing 
their job in their own profession, apparently, are they? 

Dr. CHampertaAtn. I don’t think I can speak for them—the AMA— 
sir. Their office, for instance, is promoting some of the radiation pro- 
tection manuals and the movies and such things, and they have had 
numerous articles in the Journal of the American Medical Association. 
Dr. Hodges has been particularly active in this. I think this refer- 
ence to the ad hoe committee is that the AMA is currently considering 
a broader entrance into this field, however. 

Representative Ho.trrerp. Mr. Brewer. 
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Mr. Brewer. Dr. Chamberlain, thus far we have discussed some 
of the efforts that have been made to bring home to physicians and 
other licensed practitioners the problems of radiation. Can you ad- 
vise the committee whether anything is being done to license X-ray 
technicians, or whether there are any plans to do this? 

Dr. CHamMBerLAtn. There are already registrations and examination 
procedures for X-ray technicians that are carefully guided by the 
American College of Radiology advisory groups and their own stand- 
ards. These set extraordinarily high standards for X-ray techni- 
cians, and I think have been a tremendous influence for good. 

Mr. Brewer. Do the States require licensing? 

Dr. CHAMBERLAIN. There has not been State licensing on this, so 
far as I know. There have been moves for this in certain States, 
but I am not aware of any State actually going into this. Asa matter 
of fact, there are things to be said on both sides as to whether this 
would be truly helpful. I personally am, as you gather, not a great 
believer in the forcefulness of legislative action in certain fields involv- 
ing educational criteria. I think this is often best promoted by some 
other technique. That is my personal opinion, obviously. At least 
a lot of attention has gone into a high state of proficiency of these 
people, and most of them do know their work. They often are a tre- 
mendous help to the physician who is guiding them, but they in turn 
have an interplay in improving our technical methods. 

Mr. Brewer. In other words, you would say that an effort is being 
made to increase the proficiency of technicians in this field. 

Dr. CHampertatn. Yes, a very active effort. I would like to say 
one more thing, if I may. I would be most disturbed at the implica- 
tion which at least I read into Dr. Schubert’s remark, that groups 
like the Federal Radiation Council ought to enter into the specification 
of what types of procedures ought to be done on patients, such as 
pelvimetries. I believe this is strictly a job for people with a full 
medical education and is in fact the practice of medicine. I would 
doubt if most nonphysicians would care to take on to their consciences 
the decision as to whether any particular woman ought or ought not 
to have her pelvis X-rayed during pregnancy because of the wealth 
of factors which relate to it. The loss of one baby by the avoidance 
of a radiation procedure would take an awful lot of radiation hazard 
tisk to compensate. This is the kind of thinking which the doctor 
is constantly confronted with. He is confronted with the same thing 
in a decision as to whether to do urogram on a pregnant woman. It 
is not something that is arrived at easily. 

Representative Horirteip. I think we have discussed this point suf- 
ficiently. Are there any other points that you would like to bring up? 

Dr. Wener. I wonder if I might make a brief comment or two with 
regard to the status in the radiation field as far as X-ray is concerned. 
It seems to me that the theme this afternoon, and also earlier, has 
been one concerned with prospects for progress in reducing X-radiation 
hazards particularly. 

As I indicated earlier, we have been active in that field and have 
worked with the profession. I think the status at the present time 
is revealed by certain of our preliminary figures which would indicate 
that this is a little bit different from the time of the reports that Dr. 
Schubert referred to were made. We have, during the course of some 
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of these demonstration projects previously listed, looked over some 
praca. This is a preliminary report that I have here. The pub- 
ication will be made shortly, this fall, I believe. 

In one of the Western States where 15,000 radiographic examina- 
tions were done in a week, it was found that dentists did half of them, 
or 7,500. The hospitals were the scene of 4,800 and only 2,800 were 
done in the offices of physicians who were not radiologists. So there- 
fore the great majority of these procedures were carried out in situa- 
tions where the general practitioner was not concerned. 

Representative Houirrecp. Could we adopt a general feeling that 
the dental X-rays do not offer anywhere near the possibility of harm 
to the individual that chest, abdominal, or gonadal exposures might 
cause ? 

Dr. Werner. In the total picture. 

Representative Hoxirievp, Yes. You say half of the 15,000 were 
dentists. 

Dr. Weser. That is right. 

Representative Hotirietp. That, you might say, is of the teeth or 
the jawbone and head area. 

Dr. Weser. And the neck in some cases. Then in these recent sur- 
veys, to go on just a little bit, if I may, in examining the various tech- 
niques of application in which safety factors would be involved, and 
thinking now of the chest X-ray, which may be the most common— 
Dr. Chamberlain could comment on that—the principal problem there 
would appear to be in controlling the beam size. Actually the filtra- 
tion procedures, also mentioned here, have been found in these studies, 
limited to certain areas, to be rather adequate. I know in New York 
City, if I am correct, Dr. Blatz reported, in a preliminary way, that 
filtration on the machines there was adequate in about 79 percent of 
them. Admittedly, you should be able to render adequate all of 
them. 

I think this matter of control of the physical aspects is certainly 
not a too difficult one. Although this has lagged somewhat up to the 
present time, and this relates to your question of whether the States 
have been active enough—the States are now more active because at 
least half of them now require registration, and many of them set 
forth certain principles for the management of this equipment. 

Representative Hotirmip. Should’t it be a project, you might say, 
of the Public Health Service as well as the medical association, to 
promote the passage of legislation in those States which have not as 
yet taken on their responsibility properly ? 

Dr. Weser. Possibly legislation of a broad sort, allowing the 
details to be managed through rules and regulations. It should be 
pointed out, of course, in the promulgation of health rules and regu- 
lations, each State employs competent people as consultants. 

Representative Horirrerp. There is a shortage in the field of 
training. 


Dr. Weser. This is the principal difficulty. This helps explain the 
lag to date. 
Representative Hotirtetp. I am referring to training of people that 
are capable of inspecting and calibrating the machines. 
Dr. Weser. That is right. This is a reason influencing legislation 
and rules and regulations because the problem includes the question 
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of who is going to do inspections, and who is going to help otherwise. 
As we described the program earlier, a dent is being made. I might 
add that Dr. Chamberlain is also modest, because he has been the one 
who made a special study of the national needs in this area, the need 
for trained people. This has provided the blueprint for our own 
program. I would say im view of both the publicity, as well as the 
real educational effort in recent year, that this field is improving. 
I think education is good. I mentioned before that in about 10 days 
the American Medical Association will have received a report of the 
Florida X-ray studies which will include an evaluation of how good 
machines are in the Miami-Dade County, Fla., area. 

There are many other things that could be said about this. The 
point is that we are finding out a great deal about some specifics. 
While we do not try to minimize the overall contribution of the X-ray 
to total exposure, I believe we are pinpointing areas where practical 
applications can be employed to further reduce hazards. 

Representative Hontrtecp. Dr. Turner. 

Dr. Turner. The question I have would change the subject quite a 
bit, Mr. Chairman. I would like to refer back to Mr. Holaday’s last 
statement this morning in his prepared testimony. You mention that 
maximum allowable concentration values are useful. You go on to say 
something which I think is quite significant : 

They, the maximum allowable concentration values, should not be allowed 
or assisted to enter legal regulatory codes as the sole definition of a satisfactory 
or unsatisfactory condition and should be interpreted only by those who are 
capable of evaluating all of the factors which may be present in any situation. 

What comes to my mind particularly is part 20, and I wonder if 
any of the panel members wanted to comment on how part 20 might 
be improved and made easier to live with. 

Mr. Ramey. Do I take it that part 20 incorporates these maximums 
as a ceiling ¢ 

Dr. Turner. That is my understanding, with the possibility of 
exemption. What I was thinking of more are questions like this. 
Would it improve part 20 to include not only numbers for concentra- 
tions, but guides as to what action should be taken as the result of 
major concentrations. Something which Mr. Holaday mentioned, that 
the ASA had produced—a guide which includes numbers but includes 
recommended actions to take on the basis of measurements being mul- 
tiples of the numbers given in the guide ? 

Mr. Hotapay. I presume you are looking at me, Dr. Turner, on that 
one. 

Dr. Turner. Yes. 

Mr. Hotapay. I will gladly yield the microphone to anyone who 
wishes to speak on the subject. I think my impressions and atti- 
tudes are fairly exemplified by the American Standard. This is the 
type of approach which I have always found the more desirable to use, 
while I realize that from a regulatory standpoint it is much easier 
to inspect against a definite and fixed number, condition or something 
that you can readily see. If you get down to the simple items such 
as a saw, it is guarded or unguarded, there is no question about it. 
Similarly for purposes of legal administration, it is much easier to 
prove that an atmospheric sample i is above a certain concentration, 
than it is to show that a 13 weeks’ weighted average exposure is above 
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a certain concentration. It is almost an impossibility to show that a 
person’s exposure has been above a certain number. Unfortunately, 
this is the way things work. I frankly don’t see any easy way out for 
the regulatory gentleman, especially when it comes to atmospheric 
concentrations. 

Again, when you are dealing with external radiation, you have film 
badges or something with which you can make a record. There are 
no film badges for measuring atmospheric concentrations. This does 
not exist. Everything you do is merely an estimate of the situation. 
This is the reason for producing something like the American Stand- 
ard to attempt to give people some guidelines to judge what their 
situation really is. 

I don’t believe I have answered your question, as to how to improve 
part 20 and I am willing to turn the microphone over to someone 
else who has more ideas on the subject. 

Dr. Scuvsert. I would like to ask Mr. Holiday whether it is pos- 
sible by improved ventilation to reduce the radon level to a level which 
would be more commensurate with NCRP recommendations ? 

Mr. Hotapay. You have to specify your mine. We have measured 
rates of radon production in various mines. We have found the rate to 
vary from half a microcurie per minute per thousand cubic feet of 
room volume to 35, microcuries. That is not micromicrocuries, but mi- 
crocuries per thousand cubic feet of mine volume. This is a variation 
by a factor of 70. Obviously the ventilation requirements would vary 
by at least that much. I can readily visualize a situation in which 
there would be no feasible way of reducing the concentrations to the 
NCRP level or our working level by ventilation. 

By feasible, I mean after all when you start putting in more than 
so much air, in the winter time at least, you have merely substituted 
the immediate hazard of pneumonia for the possibility of the lung 
cancer some time in the future. In other words, a man will not work 
wringing wet in a stream of cold air blowing on him. He will turn 
off the ventilation. You would not blame him. You would not 
either. 

Other things are involved, such as limitations of work or just plain 
saying, “I wish we could go in and get the ore but we can’t.” There 
are the hard facts of the situation. 

Dr. Scuvusert. I might add instrumentwise it seems sort of feasible 
to have a constant monitoring device where the radon would be 
trapped in an ionization chamber. In the beryllium industry, they 
have instruments which give constant readings. The workmen can see 
on the dial how high the levels are. Psychologically they are much 
happier because as long as they see it well below the so-called danger 
level, they feel all right. It gives you a constant monitoring rate. 
This still does not do away with the very high radon levels that you 
talked about. 

Mr. Hotapay. Yes; I think we have to face up to it. The raw 
materials producers are in the tough end of the business. That is all 
there is to it, whether it is producing uranium, copper ore, or whatnot. 
They are the boys that are under the gun always. For example, on 
instrumental requirements; you have no electric power in the mines. 
You have to move the equipment out of the mines before you shoot 
each day or else you have no equipment. There are a few little gim- 





wr" er _ 


~ “o = 


RADIATION PROTECTION 431 


micks like that. The size is then restricted to what a man can con- 
veniently carry up a ladder on his back. It isa real problem. I make 
no apologies for the relatively crude equipment which we use and 
recommend. I stand open to receive anybody’s better device any time 
he wants to show it to me. 

Mr. Ramey. I guess it is a little late in the day to suggest that per- 
haps in the AEC pricing and bonus arrangements on uranium some 
provision could be made for safety equipment or to help finance it. 
Especially with the small miner, it is a problem of economics. 

Mr. Hotapay. That is quite true. This is one part of the field of 
atomic energy where the man sells at a fixed price and anything it 
costs him to produce the material comes out of his pocket. Ventilation 
costs and other safety devices, including pieces of timber to hold up 
the roof, are all part of his mining cost. There is no way for him to 
pass on any of this to the purchaser. This is the only part of the field 
that I know of where this situation applies. 

Mr. Ramey. We have talked about this problem of adapting NCRP 
standards to your air situation in mines. Is there a similar problem 
applying them to waste disposal in water? Perhaps Mr. Parker or 
someone else could answer. 

Mr. Parker. Could I pass that question to Mr. Healy ? 

Mr. Heaty. I think there is a general problem any time you start 
applying these particular limits, particularly when you apply them 
by rigid methods, such as part 20. * general these limits in their pres- 
ent stage must be interpreted by people who are familiar with them 
and who can apply them to the specific problem involved. I quote, for 
example, in Handbook 52 a limit given generally for beta emitters. 
I believe it was 10 to the minus 7 microcuries per cc. This number 
was derived on the basis that it was lower than any of the values in the 
table. Therefore, no matter what the nuclide was, it was completel 
safe. However, this number has been quoted quite widely as the MP 
for mixtures of beta-gamma emitters, and has frequently led to erro- 
neous asumptions. This number is very useful when applied in the 
fashion for which it was intended to save work. In other words, if 
ye concentration is less than that, there is no need to do analysis. 

f your concentration is greater than this, then you must go to the 
laboratory and determine what particular radionuclides are present. 
I believe Mr. Holaday’s discussion this morning on the radon limits 
is illustrative of one way of interpreting these standards. The work- 
ing limit, if I am correct, that Mr. Holaday quotes is in terms of total 
quantities of alpha emitters in the atmosphere of the mine. In other 
words, it includes primarily the daughters of the radon. The limit 
given by NCRP is for radon itself, so that the ASA subcommittee has 
attempted to interpret the NCRP recommendations in terms of a 
measurement which can be made simply in the mine without resort to 
the ne extensive equipment which is required to analyze for radon 
itself. 

Representative Hotrrretp. Dr. Western. 

Dr. Western. The last three or four questions that have been 
discussed have all started out with reference to part 20 and none of 
them has discussed anything which is related to part 20. For exam- 
ple, part 20 is not applicable to mining. Mr. Healy started out by 
talking about the difficulty of waste disposal under part 20 and im- 
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mediately he swung to a recommendation of NCRP, which says in ef- 
fect when one is dealing with beta emitting materials, if he does not 
know what the material is, he may assume that it is acceptable for 
areas beyond one’s limits of control, provided the concentration does 
not exceed 10-7 microcuries per cubic centimeter. Let me go back 
to part 20 a moment and say this about the difference between a regu- 
lation and a guide or recommendation which presumably assumes 
that the guide will be used by a person who is in a position to exercise 
judgment. As soon as one undertake to convert a recommendation 
into a regulation which has the force of law, he immediately relin- 
quishes a certain amount of flexibility. This is inherent. It is un- 
avoidable. The question is not whether or not, I believe, one takes a 
number of this sort and puts into a regulation, but whether one wants 
to work on the basis of recommendations or whether one wishes to 
exercise legal control over a process. The Atomic Energy Commis- 
sion is in the position of exercising legal control over the uses of 
certain radioactive materials. To doso we have taken the recommen- 
dations of NCRP and tried to apply them in the form of regulations 
with as little distortion of the original intent of the recommendations 
as we believe can be done. I would be very glad to have any one of 
the panel suggest how any of these numbers can be used in a regulation 
in a different way than which we are using them in part 20. 

Mr. Ramey. A question has been raised as to whether you could 
use your level as a warning point at which you raise a flag, but you 
don’t stop them from doing something. That is not the ceiling on what 
you do, but you would have to start studying and worrying about it at 
that stage, and then you put another point up above it that says you 
do something else and probably finally you have your ceiling which 
you can’t exceed. I think the problem that raises is what criteria 
do you use when you go over this level, because you have to have some 
guidance for exercising your judgment above whatever level we are 
talking about, as in the case of mining. 

Dr. Western. If I interpret your suggestion correctly, if you tried 
to write this into a regulation, what you would write then would be a 
specified action which an individual would take if he exceeds a limit. 
which has been set. Is this correct ? 

Mr. Ramey. That is right. For example, he might have to report 
it to you and tell you that he is hitting a certain level. 

Representative Horirrecp. He might have to do something besides 
giving it serious consideration, which is what paragraph 7 says. If 
they do exceed the maximum guideline, they give it serious 
consideration. 

Dr. Western. Actually, this is no different from the manner in 
which part 20 is administered at the present time. What we do do 
when we find that someone is exceeding the limits specified in part 20 
is first of all—let me go back beyond that and say before we find they 
are exceeding it, we require them to report cases in which they do 
exceed a specified limit, even though this may be accidental. When 
we find that a limit is being exceeded consistently or willfully, we 
prescribe certain actions. These actions normally do not immediately 
involve a closedown of the operation of the licensee. In some cases we 
follow these with tighter and tighter restrictions over a period of a 
year or more. I am not sure that what Mr. Ramey is suggesting is 
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any different from the procedures which we use. The difference is 
that we allow ourselves somewhat greater flexibility in the actions 
we will take. We do not tie our hands by saying, in part 20, if you 
exceed the level which we permit you, we will do so and so. I am 
sorry. Iam lost there. 

Mr. Ramey. I believe the difference perhaps is that you do expect 
him to get down to this level as your maximum level. This is not my 
personal suggestion. It is an eee that has been discussed. 
You don’t necessarily tie your hands under this other approach. It 
is not necessarily the level you stay at. You go one or two times 
above it, as shown in the case of the mining example. But at this 
level you begin to raise the flag. I say that is the difference. 

Dr. Scuvusert. I would like to say that where possibility of con- 
tamination of outside areas is concerned, one has a problem in plants 
where sloppy situations exist. This problem needs more serious 
consideration. I think it would be better for an inspector to be 
immdeiately able to say stop an operation until it is rectified. For 
example, I believe when AEC inspectors go to non-AEC installations 
which use AEC isotope materials, that no matter how careless the 
operation is performed (only about 1 or 2 percent of the plants are 
very bad) the inspector is powerless to halt careless practices on the 
spot. If they feel it is a real danger, the best they can do is telephone 
Washington and ask for something to be done. I think when you 
have the possibility of contaminating areas—I am differentiating 
between a small closed occupational group and a practice where large 
public areas can be contaminated—you need some teeth, and the inspec- 
tor should be able to say shut down until the situation is rectified. I 
think in that case one should have immediate powers of control. 

Representative Hoxtrretp. Were there any further points? 

Dr. Scrusert. I would like to make one point involving the par- 
ticipation of nonscientists in the FRC. I would say that insofar as 
setting numbers is concerned, it is not necessary to have economists, 
social scientists. I think it is purely a bivlogical-chemical-physical 
problem. I think you have to have nonscientists in applying these 
things to deal with questions such as: How do you get people to accept 
them? How widely to apply them? How do you allot the radiation 
exposure among the population? Here is where I believe the FRC 
needs a firm, permanent body of nonscientists to work along with them. 

Representative Hoxirrecp. You are thinking of people possibly in 
the area of the Council of State Governors or the National Council 
of Municipalities. 


Dr. Scrusnerr. Yes; representatives of such organizations, as well 
as the public. 

Representative Horirretp. That would be strictly from the stand- 
point of not passing substantive judgment on the standards but in 
carrying the message of implementation. 

Dr. Scuusert. Yes. 

Representative Horrrrerp. And coordination and legislation of 
the various States and political subdivisions. 

Dr. Scuusert. Yes. 

Dr. Western. I would like to mention that Dr. Schubert’s sugges- 
tion raises a very interesting question. The question I think we have 
been talking about is, How do we find acceptable standards? Now, 
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Dr. Schubert raises the question, once we have raised an acceptable 
standard, how do we get people to accept them ? 

Representative Horrrrecp. That is where the education comes in. 

Dr. Scuusert. That is where nonscientists would be more helpful 
than scientists at least in evaluating the situation. 

Representative Holifield. Thank you gentlemen very much for 
your participation as witnesses and members of the panel. 

The committee stands adjourned until 10 o’clock in the morning. 
(A peeeenens statement submitted by Dr. Jack Schubert fol- 
ows: 


SUPPLEMENTARY STATEMENT SUBMITTED TO THE JOINT COMMITTEE ON ATOMIC 
ENERGY BY JACK SCHUBERT 


INTRODUCTION 


It is agreed that medical radiation accounts for most of the radiation ex- 
posure of the American public. It would therefore be a logical step for the Fed- 
eral Radiation Council to take regulatory action to end the misuses and over- 
uses of radiation in the medical field as I emphasized in my statement and 
testimony. I cited evidence covering radiation practices to the present day 
which show that no significant overall improvement to eliminate unnecessary 
radiation exposure has been effected by self-regulation and self-education. 

It should be emphasized that there is no need and indeed no intention to 
interfere with the doctor-patient relationship or to eliminate a single diagnostic 
or therapeutic radiation act which an individual doctor feels is absolutely neces- 
sary for a patient. For example the legal banning of routine X-ray pelvimetries 
in the pregnant woman would not mean the banning of all X-ray pelvimetries. 
It would mean that the physician would utilize an X-ray pelvimetry only when 
nonradiological examinations do not provide all the information he believes 
he needs to fully protect the life of the prospective mother or child. 

Similarly, the banning of most therapeutic uses of radiation for the treatment 
of benign or noneancerous conditions would not work any hardship and would 
save a great deal of suffering. Careful study of the literature shows that it is 
questionable whether the therapeutic use of radiation for such conditions 
as acne, ringworm, bursitis, warts, ete. is justified. On the contrary there 
exists voluminous evidence to show the harmfulness of such treatment. Nat- 
urally exceptions would be made such as in cases where life expectancy is so 
short that carcinogenic effects may not occur or in certain other conditions. 

Naturally the establishment of rules and regulations involving medical prac- 
tice would be made by committees in which physicians themseives would par- 
ticipate. Similarly the misuse and overuse of radiation in other fields, medical 
and nonmedical, must be regulated. These include the activities of chiro- 
practors, veterinarians, and many others. 

The FRC might well ponder, for example, the whereabouts and use of the 
2,000 or so radium applicators in use for treatment of children (discussed 
below). The first report of the Federal Radiation Council can be commended, 
however, for its emphasis on the special radiation problems involving children. 


FURTHER DOCUMENTATION ON THE MISUSE AND OVERUSE OF RADIATION IN MEDICINE 


In my testimony I cited certain recent publications which presented data 
from surveys showing that a great deal of carelessness in the medical use 
of radiation exists—and that the situations recounted in these recent publica- 
tions are similar to those which have existed since the discovery of X-rays. 
For the record I wish to insert here excerpts from the book “Radiation—What 
It Is and How It Affects You,’ which was written by Dr. Ralph E. Lapp and 
myself and which was published by the Viking Press, New York, in 1957. We 
have seen no evidence since publication which would change our views as ex- 
pressed in this book concerning the prevalence of misuses of radiation in the 
medical field. 

First, here are the specific references of some of the recent publications 
cited in my testimony: 

1. H. Blatz, “A Comprehensive Radiation Control Program in New York 
City,” Radiology, 74, 474 (1960). 
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2. R. O. Gorson, J. Lieberman and M. Green, “A Limited Survey of Radia- 
tion from Medical Fluoroscopes,’’ Radiology, 73, 898 (1959). 

3. W. D. Norwood, J. W. Healy, et al., “The Gonadal Radiation Dose Re 
ceived by the People of a Small American City Due to the Diagnostic Use of 
Roentgen Rays,’ Am. J. Roent. Rad. Therap. and Nuclear Medicine, 82, 1081- 
1097 (1959). 

4. W. G. Frederick, “Twenty Years of Coping With Ionizing Radiation at 
the Local Health Department Level,” Am. J. Public Health, 49, 900-902 (1959). 

5. M. R. Zavon, J. Am. Med. Assoc., 162, 532-535 (1956); also P. J. Valaer 
and M. R. Zavon, Am. Indust. Hyg. A. Quart. 18, 35-41 (1957). 


EXCERPTS FROM BOOK 
Historical excerpt 

“Dr. W. Ironside Bruce, one of England’s most distinguished radiologists, 
worked with X-rays over a 20-year span and became a martyr, dying of 
aplastic anemia. His death, coupled with increased incidence of injury and 
death among X-ray technicians and doctors, stimulated the establishment of 
the British X-ray and Radium Protection Committee, which put forth safety 
recommendations to be followed in the use of radiation. 

“Had these recommendations, first promulgated in 1921, been understood 
and practiced by those using radiation equipment, the case histories of radia- 
tion injuries and deaths described in this chapter would not be part of our 
medical literature. The medical profession has been admonished on many 
occasions to limit its use of radiation and to institute proper protective meas- 
ures to shield the patient and the doctor from excessive exposure. In 1934 
two English scientists, H. A. Colwell and 8S. Russ, pooling their talents in 
physics and radiology, wrote a book, ‘X-Ray and Radium Injuries—Prevention 
and Treatment,’ which is a classic in its field. Yet this comprehensive study 
of radiation damage seems to have had no more effect upon the medical overuse 
and misuse of radiation than Webster’s dictionary.” 


Results of surveys on radiation practices in medicine 


“A survey of hospitals made before World War II by Dr. Leonard A. Scheele, 
former U.S. Surgeon General, and Dr. Dean B. Cowie, a skilled physicist, con- 
tains evidence of neglect leading to overexposure. These two men investi- 
gated the storage and handling of radium, the calibration and shielding of 
X-ray equipment, and techniques in using fluoroscopes. They found, for example, 
that many technicians held infants in their arms to keep them still while they 
were being fluoroscoped. As a consequence, the technicians received about 
1 rto5 r, and some as much as 35 r, daily.” 

“Drs. Scheele and Cowie concluded in their report, in 1941: 

“*Both radiologists and technicians received considerably more radiation 

during fluoroscopy than they were aware of. The impression was gained by 
us that too little attention has been paid to protection with reference to both 
equipment and practices in most of the hospitals visited.’ ” 
In their study, they cite examples of flagrant disregard for commonsense in 
handling radium sources. In one case radium was left on the desk of the night 
nurse, so that she was directly exposed to its radiation. An incidental find- 
ing was their observation of 12 radiation injuries among 60 radiologists. 

“Dr. Edith H. Quimby, professor of radiology at Columbia University, who 
has devoted a lifetime to radiation therapy and technique, read the findings of 
Scheele and Cowie and proceeded to take her profession to task : 

“*Many like to think that radiologists are so conscious of the hazards of their 
profession that they all make sure of adequate protection. This paper (Scheele 
and Cowie) should open our eyes. All the failures reported by Scheele and 
Cowie have been in departments under the supervision of qualified radiologists. 
Some of the most flagrant examples of carelessness were made by technicians 
whose chiefs disclosed knowledge of what had been occurring.’ 

“A survey made in 1951 by the Liberty Mutual Insurance Co. found the fol- 
lowing conditions prevalent: Of 12 hospitals surveyed, unsafe working condi- 
tions were found in the handling of radium and fluoroscopic and X-ray equip- 
ment in every one. Physicians were observed handling radium sources with 
virtually no protection. Between uses radium was stored in everything from 
water glasses to tin cans. Fluoroscopic and diagnostic X-ray equipment were 
often inadequately shielded or used in a way which exposed the operator to 
needless radiation. Some dental X-ray equipment irradiated the operator to a 
maximum permissible dose after as few as five exposures. 
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“In 1952, Dr. B. P. Sonnenblick, a biologist, and others investigated the radi- 
ation output of 117 fluoroscopes in New Jersey and New York, and concluded : 

“*Physicians in this sample vary decidedly in the use of protective equipment 
for themselves and in awareness of scattered radiations. Most significant, 
almost all physicians concerned are completely unaware of the X-ray output of 
their instruments and few realize the necessity for calibration. Whether a high 
or low dose is received by the patient seems merely fortuitous.’ 

“Dr. Sonnenblick, in a 1955 survey, reported that of 200 physicians using 
fluoroscopes, only 2 had information concerning the roentgen dosages delivered 
to the patients or to themselves from scattered radiation.” 


Radiation involving children 

“It has been estimated both by Dr. Stanley H. Clark, medical physicist at 
the Cedars of Lebanon Hospital in Los Angeles, and by the U.S. Public Health 
Service, that 25 million diagnostic X-rays are given per year, excluding those 
in mass chest surveys, and of these 5 million are fluoroscopic. Of these 5 mil- 
lion, about 114 million are of people in the 0-to-30-year-age group. Further, of 
the 4 million treatments using X-rays which are made in 1 year, 1 million are 
for nonmalignant disorders such as warts, skin conditions, infections, enlarge- 
ment of the tonsils, and many others. These figures do not include exposures 
of children to radioisotopes and other radiations which are described later in 
this chapter. 

“Dr. Robert W. Miller, a professional associate with the Committee on 
Atomie Casualties of the National Academy of Sciences, has written an illumi- 
nating article, ‘Safeguarding Children From Radiation Risks.” He comments 
that the ‘use of fluoroscopy as part of the monthly examination of the infant 
in the first year of life [is] a rather common practice in certain parts of the 
United States.’ Dr. Miller then observes: 

“‘In the past when X-rays or fluoroscopic studies have been made of the ab- 
dominal or pelvic region or the hip, it has not been common practice to protect 
the testes by placing a layer of lead between this organ and the radiation. This 
usually would not alter the diagnostic value of the roentgen procedure. Yet 
even in the best hospitals in the United States today, the value of this simple 
protective measure is not recognized.’ 

‘“* * * A similar hazard arises from use of the radium applicator, a mechani- 
eal device which holds a small quantity of radium salt. The applicator is 
designed for insertion into the body cavities or application on the skin whenever 
radiation treatment of a selected region is desired. One type, of which at least 
2,000 are in use in the United States and Canada, is designed for the treatment, 
usually in children, of excessive nasopharyngeal lymphoid tissue. The ‘active’ 
ingredient consists of 50 milligrams (50,000 micrograms) of radium. The dosage 
in roentgen equivalents delivered by the device was directly measured by the 
physicist Dr. C. B. Braestrup of the department of hospitals in New York City, 
who found that during the the usual course of treatment the applicator delivered 
as much as 20,000 roentgens to the surface of the tissue and from several hun- 
dred to several thousand roentgens deep within the tissue. Patients received 
repeated treatments, some at yearly intervals. The destructive action on tissue 
of the radiation from a radium applicator is shown by the fact that a 10-minute 
application to the skin of the forearm causes ulceration and necrosis. 

“The exposure of the doctor’s fingers while inserting and removing the appli- 
cator to one patient alone may amount to 0.16 to 0.5 roentgen. Naturally the 
treatment of several patients a day is of potential danger to the doctor and nurse. 
Nurses who routinely hold the applicator during irradiation receive several 
times the permissible levels of radiation during the course of a day. Measure- 
ments show that a nurse holding a patient’s head during treatment received 
about 0.1 roentgen to the chest alone. 

“In a symposium on irradiation of lymph tissue in the nasopharynx, Dr. Isa- 
dore Lampe, of the University of Michigan, pointed out the possibility of late 
radiation damage and warned against the indiscriminate use of the radium 
applicator, particularly with children, who unfortunately constitute a large pro- 
portion of the patients subjected to these treatments. He also pointed out that 
the doses delivered are generally higher than those the experienced radiation 
therapist uses in the treatment of benign conditions. 

“We have already seen that only by observing for years, large numbers of 
patients who have been given radiation treatments, and comparing the incidence 
of leukemia and similar diseases in them with that in untreated patients, can 
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the late harmful effects of radiation doses of hundreds of roentgens become ap- 
parent. Yet in spite of the overwhelming evidence which is available in medical 
literature, a user of the nasopharyngeal applicator stated that after 24 years 
during which many thousands of patients had been treated not a single instance 
of burn or other complication due to the use of radium had been observed. 

“* * * Claiming that there are no ill effects from large radiation doses is 
‘meaningless, as we state again and again, unless the same group of patients is 
followed up for many years. Dr. L. A. Schall, radiologist of Boston, commenting 
on the radium applicator, said, ‘To state that “I have used the method for 17 
years (or longer) and have never seen a bad result” raises a doubt as to one’s 
powers of observation as well as to the thoroughness of the examination.’ 

“Drs. M. D. Schulz and L. L. Robbins, of the MasSachusetts General Hospital 
and the Collins P. Huntington Memorial Hospital in Boston, have made many 
followup studies of the effects of radium treatment given at these hospitals for 
30 years. Ina paper published in 1949 they conclude: 

“*The effect of overtreatment [of benign lesions with radium] * * * may be 
marked by an apparent immediate cure or marked improvement, and the serious 
injuries may never be known to the doctor who administered the radium unless 
he had the facilities for a careful followup of each patient over a period of many 
years. Even today the exact effect and the final result of X-ray or radium ir- 
radation cannot actually be foretold.’ 

“In 1949, in the professional journal, Laryngoscope, the same authors wrote: 

““*TPhysicians] have become nervously aware of the growing tendency to give 
larger and larger doses and to incorporate .the method as a routine part of 
tonsillectomy. That radiation of any sort should become a routine is unwise. 
* * * Lack of an immediate reaction should not lull to rest the fears for possible 
latent reaction. Decision to treat a benign condition with so potent an agent as 
X-rays, radium, or any other radioactive material should be made only after 
careful consideration of each given case and after weighing the known beneficial 
results against the unknown dangers which may not appear for as long a time 
as 10, 20, or more years. 

“* * * The use of diagnostic X-rays in pediatric practice presents a very dis- 
turbing picture. Let us start the story with the report of H. M. Parker, physicist 
now in charge of radiation safety at the Hanford atomic energy works, and Dr. 
Franz Buschke, radiologist, of Seattle. In 1941, they presented a joint paper 
on ‘Possible Hazards of Repeated Fluoroscopies in Infants’ to a meeting of 
pediatricians, the substance of which was later published for the profession in 
the Journal of Pediatrics in 1942. They pointed out that some pediatricians 
give monthly fluoroscopy to infants the first 6 months of life, and that some con- 
tinue through the first and second years. The potential hazard of fluoroscopic 
examination to infants is very high, particularly in view of the large dosage de- 
livered. This hazard is increased because ‘even many specialized radiologists 
do not know the actual output per minute of their diagnostic machine.’ In re- 
ferriug to a report which revealed the inadequacies of protection by even some 
specially trained doctors, the authors state that ‘we can hardly expect a greater 
appreciation of these potential dangers where equipment used in office practice 
by physicians not specializing in radiology is concerned.’ 

“* * * Tn order to check the potential hazards, Buschke and Parker measured 
the actual amount of radiation delivered during fluoroscopic examination of 
infants. They investigated seven machines selected at random and used in offices 
of reputable pediatricians. Not all the seven pediatricians did routine or even 
regular repeated fluoroscopies, but Buschke and Parker found that all seven had 
one thing in common—none of them knew how many roentgens their machines 
were delivering. 

“Here are the facts: The average dose given by all the machines was 25 
roentgens per minute. Assuming that the average rapid fluoroscopy by an 
experienced examiner takes about 20 seconds, this means an average of 8.3 
roentgens, or 100 roentgens in the first year of life (if routine monthly fluoro- 
scopies are done). However, Buschke and Parker state that ‘we know from 
experience that some of the fluoroscopies last considerably longer * * *.’ They 
found one machine delivered radiation at the rate of 200 roentgens a minute— 
a dose rate high enough to cause death from radiation within a month following 
a 10-minute continuous exposure. 

“* * * Buschke and Parker’s paper appeared in 1942. Did it have any effect 
on the overuse of fluoroscopy? A survey has recently been made by Drs. Valaer 
and Zavon of the College of Medicine of the University of Cincinnati. Writing 
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in the Journal of the American Medical Association for October 1956, Dr. Zavon 
gave a preview of their findings: ‘What is most disquieting is that the situation 
described in 1955 is virtually unchanged from that described by Buschke and 
Parker in 1942.’ 

“There is no need to comment on the clearly expressed statements made above. 
Additional evidence of overuse of the fluoroscope in pediatric practice is that 
of Dr. Sonnenblick and associates of the Newark Beth Israel Hospital in New 
Jersey. They checked the radiation doses delivered by 63 fluoroscopic units 
located in large cities in New Jersey. These units were located in hospitals and 
doctors’ offices. In brief, they found that the pediatricians’ fluoroscopes were 
delivering from 3 to 46 roentgens per minute and in one pediatrician’s office the 
dose delivered to older children was 116 roentgens per minute. A return visit 
3 months later showed about the same readings. According to Dr. Sonnenblick, 
the doses mentioned are minimum doses. Again, none of the physicians knew 
the roentgen output of his machine. 

“These results were so disquieting to Dr. Sonnenblick that he studied the 
roentgen doses given by 54 more fluoroscopes in two States. Again he found 
that the machines delivered minimum doses of from 2 to 118 roentgens or more 
per minute. Twenty-one percent of the machines delivered more than 30 roent- 
gens per minute. He concluded: 

“*Almost all physicians concerned are completely unaware of the X-ray output 
of their instruments and few realize the necessity for calibration. Whether a 
high or low dose is received by the patient seems merely fortuitous.’ 


“Examples of nonmedical carelessness 


“* * * One such use of X-rays remains etched in our memory: We recall that 
on February 25, 1956, Hildegarde, the singer, bared her heart to the fluoroscope 
for the benefit of the Chicago Heart Fund. She stood in the window of the 
Chicago Federal Saving & Loan Association while Leo Wenger, a sculptor, ob- 
served her heart through a fluoroscope and sculpted his impression of it. This 
was labeled ‘Art for Heart’ and was part of a promotion stunt to remind Chica- 
goans of the heart fund drive. 

“Nor can we forget the television program ‘Omnibus,’ which one Sunday in 
1952 displayed a fluoroscopic study of a girl as she daintily daubed her lips 
with lipstick. The event was notable enough to be reproduced in Life. 

“* * * A more serious radiation hazard is presented by the use of the fluoro- 
scope in prisons and industrial establishments. Known as the ‘Inspectoscope,’ 
it is used to detect concealed weapons, instruments, or pilfered items. A single 
exposure of 6 seconds gives 0.1 roentgen but higher and longer exposures occur— 
to say nothing of repeated exposures on the same person. The operators of 
these machines, according to a survey made in Michigan, receive about 0.1 
roentgen per day for each 50 visitors inspected. This is about twice the per- 
missible daily allowance. According to an article in This Week magazine for 
May 1, 1953, the operator of the Inspectoscope at San Quentin Prison scans the 
insides of between 40,000 and 50,000 visitors a year. Remember, this is whole- 
body radiation. Many people are exposed 50 or more times a year to the 
Inspectoscope. In the entire article not one mention was made of the potential 
hazards of such radiation exposure. 

‘“* * * F)uoroscopes and X-ray units are widely used in post offices for exam- 
ining packages, and in conservation departments to aid in identifying banded 
animals. In connection with the latter, the head of the Michigan Department 
of Health was surprised to find, when making a survey of X-ray equipment used 
in the State, that in one wildlife research project workers held banded ducks 
while they were being X-rayed. These men were X-rayed as many as 400 times 
@ day. 

“There are roughly 15,000 X-ray and fluoroscopic units used by osteopaths, 
chiropractors, and veterinarians. The literature is full of descriptions of in- 
juries suffered by these men and some of their human patients. It would be in- 
teresting to survey the output of these machines and the amount of scattered 
radiation. There is no reason to believe that these machines are used any more 
carefully than those operated by physicians and hospitals.” 

[Note.—Subsequently several surveys of veterinarian radiological practices 
have appeared and many careless practices found. For example, see May 1957 
issue of the New York State Department of Labor Monthly Review, Division of 
Industrial Hygiene. ] 
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“* * * The most inexcusable situation, however, is the giving of excess doses 
of radiation to children simply in the course of routine examinations or for a 
trivial and unnecessary item like shoe fitting. Let us first look into the shoe- 
fitting business. 

“According to U.S. Public Health Service reports, there are approximately 
10,000 X-ray shoe-fitting machines in use in the United States. Besides the thou- 
sands of children who are exposed to these machines, we must include 40,000 
salespeople as well. The State of New York has at least 750 shoe fluoroscopes 
as of 1956, and there are well over 500 in use in Michigan. In Zurich, Switzer- 
land, some shoeshops have as many as five machines in constant use on busy 
days. Some clerks deny that these shoe machines are X-ray devices but say 
that they are ‘Pedoscopes’—the trade name. Obviously it is important to know 
precisely the radiation doses received by the children as well as by clerks and 
other persons in the vicinity. 

“The Michigan Department of Health has investigated the operation of more 
than half the shoe-fitting machines in the State. The results of the investigation 
ean be taken as a good index of the state of affairs applying to the country 
as a whole. Here are some of the findings reported in 1951: 85 percent of the 
machines were found to be unsatisfactory in one way or another; the X-ray 
beam was too strong in 51 percent (some gave as much as 65 roentgens a min- 
ute); the timing device was unsatisfactory in 60 percent (meaning overlong 
exposure) ; and in 50 percent there was a great deal of scattered radiation which 
in on2 instance exposed nearby people to as much as 0.7 roentgen per hour. 


RECOM MENDATIONS 


The final chapter of the book, “Radiation,” written by Dr. Ralph E. Lapp 
and myself and published in 1957 by the Viking Press, gives specific recommenda- 
tions on the control of radiation hazards and the types of legislation required. 
Many of the activities we suggested are applicable directly to the FRC. Along 
with the recommendations made in our book I also support, in general, the specific 
recommendations made by Dr. Lapp in his supplemental statement. Therefore, 
it would be redundant for me to tabulate similar material. I would like to re- 
emphasize, however, that the successful functioning of the FRC requires ad- 
herence to at least two factors. One factor is that of granting enforcement powers 
with compulsory features to the FRC. The other involves procedures for choos- 
ing advisory personnel. The FRC should avoid the pitfalls associated with self- 
appointed, self-perpetuating committees of scientists and to choose advisers for 
their scientific and professional competence and not because of their organiza- 
tional connections alone. The Federal Radiation Council should take pains to 
include competent critics of past and present policies on radiation hazard evalu- 


ation and in this way to strengthen not only the political impact of their decisions 
but to strengthen the scientific integrity as well. 


(Thereupon at 4:35 p.m., a recess was taken until Thursday, June 2, 
1960, at 10 a.m.) 





RADIATION PROTECTION CRITERIA AND STANDARDS: 
THEIR BASIS AND USE 


THURSDAY, JUNE 2, 1960 


CoNGRESS OF THE UNITED STATES, 
SrectaL SUBCOMMITTEE ON RapIATION, 
Jornt ComMITTEE ON ATTomic ENERGY, 
Washington, D.C. 

The subcommittee met, pursuant to recess, at 10:05 a.m., in room 
P-63, the Capitol, Hon. Chet Holifield, chairman of the subcommit- 
tee, presiding. 

Present : Representatives Holifield, Van Zandt, and Hosmer. 

Also present: James T. Ramey, executive director; Carey Brewer, 
David R. Toll, and Richard T. Lunger, professional staff members; 
Hal Hollister and James E. Turner, technical consultants. 

Representative Hoxrrrerp. The committee will be in order. 

The subcommittee will continue its study of radiation protection 
criteria and standards. Our topic this morning is organizational, 
administrative, and legislative relationships and problems. Our first 
witness this morning will be Mr. Elmer B. Staats, Deputy Director of 
the Bureau of the Budget. 

Mr. Staats? 


STATEMENT OF ELMER B. STAATS,’ DEPUTY DIRECTOR, BUREAU 
OF THE BUDGET; ACCOMPANIED BY GORDON OSBORN AND 
ROBERT CUTLER, BUREAU OF THE BUDGET STAFF 


Mr. Sraats. Mr. Chairman, it is my understanding that it is the 
desire of the committee to have us return here this morning to respond 
to some of the points which have been raised during the course of the 
hearings. As a matter of assistance to the committee, and to expedite 
the discussion on this from our point of view, it occurred to us that 
perhaps it might be well for us to list some of these points in the 
form of a statement, which we have done. It may be that there are 
other questions you would like to address to us in the light of these 
hearings. If it is agreeable, I will read this statement, which is rela- 
tively short. 

Representative HotirreLp. You may proceed. 

Mr. Sraats. Mr. Chairman and members of the committee, I am 
pleased to have this opportunity of returning to testify concerning 
certain organizational issues raised during the course of the commit- 
tee’s hearings on radiation standards. 


4 Biography appears on p. 86. 
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1. The first of these concerns the question of who should be re- 
sponsible for establishing and promulgating operational radiation 
yrotection standards, and what would likely happen should an agency 
bead, in accordance with his statutory responsibility for health or 
safety, find it necessary to promulgate an operational standard which 
could result in a radiation exposure significantly at variance with the 
radiation protection guides approved by the President. 

Operating standards are now developed and promulgated by the 
individual agencies, and while they do have a common basis, the 
standards are individually tailored to meet the specific requirements 
of each agency. In my opinion, this arrangement should be con- 
tinued. 

However, we do believe that it is both feasible and desirable that the 
common basis for the operational standards be centrally provided. In 
my previous testimony, I explained why we recommended that this 
should be a function of the President oak. also the purpose of the Fed- 
eral Radiation Council. The arrangement whereby the President 
provides guidance of executive agencies with respect to criteria for 
radiation protection, following advice of the Federal Radiation Coun- 
cil, was formalized by Executive Order 10831 and was given a statu- 
tory basis by Public Law 86-373. 

With regard to the nature and status of the guidance provided by 
the President, I would describe it as a manifestation of presidential 
leadership and direction over the affairs of the executive branch. 
Like most direction of this nature and at this level, it provides for 
the exercise of judgment on the part of the recipients. Those agencies 
with direct statutory obligations for safety standards will continue to 
fulfill them. The presidential guidance embodies sufficient flexibility 
to accommodate such obligations. 

I would assume that any agency head intending to promulgate oper- 
ating standards distinctly at variance with the radiation protection 
guides approved by the President would discuss the matter in advance 
with the Council. There is always the possibility that the Council 
might wish to reconsider its recommendation if new evidence of sufli- 
cient import were involved. I would also assume that if the intended 
variation was of significant importance, the agency head would dis- 
cuss his proposed action with the President. 

In the final analysis the responsibility for the operating standards 
lies with the particular agency involved. Under present circumstances 
we can foresee no legal or administrative problems in this regard. 

2. Next, I would like to discuss the question of whether a public 
member should be added to the Federal Radiation Council. Public 
Law 86-373 wisely provided that the President could add members 
to the Council to Sarnia the President with flexibility in this respect. 
However, it was our belief initially that by providing membership 
on the Council to those agency heads with the greatest statutory re- 
sponsibilities for programs most affected by radiation protection 
standards, the public interest would be properly safeguarded. The 
present membership of the Council is designed to assure that the two 
primary considerations—protection from radiation hazards, and reali- 
zation of the benefits of the use of radiation and atomic energy—are 
properly provided for. It would be difficult to select individuals from 
private life who would better represent the enormously varied inter- 
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ests of the public than officials immediately responsible for important 
related Federal programs who report directly to the President. Ex- 
perience indicates that individuals from private life can perform a 
useful service as advisers, but generally speaking their contribution 
stems from their knowledge in specialised fields, rather than from 
their ability to represent the public. The President and the respon- 
sible agency heads are, of course, free to consult with anyone they 
choose regarding proposed standards. In the case of the recently 
issued standards, the entire Cabinet membership was consulted. 

3. A related issue is whether additional agency heads should be 
added tothe Council. There are a number of agencies with an interest 
in the work of the Council, particularly the Departments of Agricul- 
ture and the Interior, the transportation agencies, and the State De- 
partment. To add them all would produce a body which would appear 
to be an augmented Cabinet. Our present thinking is that the Coun- 
cil should provide such representation in a manner similar to that em- 
ployed by the National Security Council of inviting such agencies to 
participate as appropriate; that is, when their agency’s interests are 
affected. And we feel, by the way, that they should be kept thoroughly 
advised of the work of the Council, so that they can invite themselves 
in as well as being invited in. 

4. A fourth question is whether the Federal Radiation Council 
should provide its own staff. 

The development of radiation protection guidance involves a large 
number of scientific disciplines. Thus, the Council would be limit- 
ing its resources if it attempted to duplicate such expertise on its own 
staff. Under present arrangements the entire resources of the excu- 
tive branch are available to the Council. Executive branch agencies 
have not hesitated to make competent people available, and it is ex- 
pected that they will continue to do so. 

5. A further important question raised in the hearings concerned 
the proper relationship of the Federal Radiation Council to such 
groups as the National Committee on Radiation Protection and Meas- 
urements, the International Commission on Radiological Protection, 
and the National Academy of Sciences. 

The existence of such scientific groups functioning as independent 
organizations is an important asset. As we see it, no problem exists 
with regard to relationships of these groups and the Council. It has 
been intended that the Council be in a position to draw upon the scien- 
tific work and findings of all such groups. It may well be, however, 
that individual members of those organizations who are also Gov- 
ernment employees may experience some problems as a result of their 
dual capacities. This, of course, is not a unique situation, as you 
know; it is a Government-wide problem. It is believed that in this 
instance satisfactory arrangements can be developed which will permit 
Government scientists to assist these organizations. And this is, I be- 
lieve, on the agenda of the Council at the moment to explore. 

6. One issue raised several times during the hearings is whether the 
Council should be advisory, or whether it should be authorized to issue 
binding directives on the executive agencies; that is, whether it would 
have an authoritative nature and in a sense be a regulatory body itself. 

It is not appropriate that the Council serve in other than an ad- 
visory role. tt is the President who is responsible for the general di- 
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rection of the executive branch. Basic radiation protection guidance 
constitutes such general direction. On the basis of presidential de- 
cision and actions, each agency is responsible for the specific applica- 
tion of that guidance, using such discretion as the circumstances might 
warrant. The Council plays an extremely important and beneficial 
role in providing advice for the President in this regard, but it should 
not be assigned the task of providing direction for the executive 
branch, a function properly vested in the President. 

7. I would like to make some comments at this point about the bal- 
ance of risk and benefit which serves as the fundamental basis for the 
establishment of basic radiation protection guidance. Much has been 
said during the course of these and other hearings about what is in- 
volved in the measurement of biological risk. Some impression may 
have been left that the measurement of benefits represents only short- 
sighted economic considerations. The measurement of benefits is by 
no means confined to dollars-and-cents benefits. At issue may be in- 
volved the question of either forgoing or using a particular process or 
device. For example, the availability of a small, cheap source of elec- 
tric power generated by atomic energy could have political, economic, 
and social implications which far transcend the particular monetary 
cost problems of the manufacturer or public utility. Similarly, the 
existing and potential value of devices and techniques which are, or 
could be, used in industry, research, and medicine, even though such 
use may result in some exposure or release of radioactive material to 
the environment, cannot be measured in monetary terms alone. Even 
though the assessment of risk and benefit is difficult, basic guidance 
implicitly or explicitly represents a balance between those two factors. 

In conclusion, I would like to state and to emphasize our very 
definite belief that hearings of the type you have held here can only 
be beneficial. This is an area about which we feel that the public 
needs a lot more information, and one which, as we indicated in our 
earlier testimony, we are going to have to constantly reassess from the 
standpoint of the Government itself. 

It is our intention, as the Budget Bureau, to follow this area very 
closely. We did not want to be in a position here of attempting to be 
completely dogmatic about any of these points, because the Radiation 
Council, as we know, is a relatively new organization, and we need to 
learn a lot more about this problem. But we do plan to follow this 
area closely; and if we feel that further changes in organization are 
required, we will certainly recommend that to the President and to 
the Congress. 

Representative Hotrrretp. Thank you, Mr. Staats. 

Mr. Hosmer? 

Representative Hosmer. I take it that you view the Council’s func- 
tion, as advisory to the President and the President’s establishment 
of guidance in radiation, as essentially a policy matter. Is that 
correct ? 

Mr. Sraats. That is right. 

Representative Hosmer. Let’s see what the situation is in another 
field, aviation, where we have military airplanes, civilian airplanes, 
and Government nonmilitary aircraft, and you have all the altitude 
at which these various planes fly when they are going in various di- 
rections, and a lot of regulations about it. That is not done by way 
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of a policy of the particular administration, but by way of a continu- 
ing regulation within a particular agency of the Government, is it 
not ? 

Mr. Sraats. I think here you are referring to the authority of the 
Federal Aviation Agency to prescribe these standards. But even so, I 
think that you will find that that authority is not a complete one, in 
view of the military having a role. But if you had exactly the same 
problem I would not preclude the need for some issuance by the 
President of some overall standard. 

I see the point you are making. You do not have the same number 
of agencies. I think in this case you have the Federal Aviation 
Agency and the military services as being the ones primarily in- 
volved. The Federal Aviation Agency can issue regulations; but to 
carry this a bit further if I may, you have regulatory authority now 
in the public health field in the Public Health Service, and also in 
the Atomic Energy Commission. These are both matters of statutory 
powers. What we have attempted to achieve is some common stand- 
ards under which both of these agencies can proceed to develop their 
own regulations in this field. 

I am not sure the two situations are exactly comparable. 

Representative Hosmer. I brought up the point mainly for dis- 
cussion and evaluation. However, we do find ourselves in the situa- 
tion of a multiplicity of regulation-writing authorities, which in turn 
are controlled by the guidelines that the President establishes. Your 
argument is that the divergences of the situations each of these han- 
dles necessarily makes this the only reasonable way to go about it; 
is that right ¢ 

Mr. Sraats. Yes, that is right. 

Representative Hosmer. We had a gentleman in here the other 
day, I do not know whether you read his testimony or not, but he was 
talking about some research they wanted to do with iron. The 
AEC regulations in that regard held down, or specified the degree 
of radiation effect that could be put into this iron. 

Actually, the amount they needed was so low that the properties of 
iron itself would be harmful to a person before any concentration of 
radiation would. And yet he said that it was such a difficult pro- 
cedure to get an exception to this general regulation, and so forth, 
that this industry just decided that they would have to forgo that 
fruitful avenue of research, not because it in itself caused trouble, 
but there was too much trouble with the regulations. 

Is there any way that this system can avoid such results ? 

Mr. Sraats. I believe this involved the Atomic Energy Commis- 
sion, if I am properly advised. ¥ 

I believe that is the kind of a problem that only the agency itself 
can work out. I know that they are making very great efforts in 
this line to work out these regulations. I do not. believe that this 
had to do with the problem of the lack of any overall, basic stand- 
ards. This was a problem of administrative regulations within the 
agency. 

Representative Hosmer. That is right, and that is a facet of this 
whole thing, I am sure. In the abstract ‘of philosophy, you can have 


a parent system; but when you come down to administration, you 
still have trouble. { 
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I do not think we have covered that too well, but I just wanted to 
bring itup. Thank you, Mr. Chairman. 

Mr. Sraats. Perhaps you would want to proceed on that with the 
Atomic Energy Commission. 

Representative Hortrrecp. Mr. Van Zandt? 

Representative Van Zanor. I have no questions. 

Representative Horrrieip. As I understand from your statement, 
Mr. Staats, you indicated that. the Radiation Council is properly an 
advisory body, and the task of providing directions to the executive 
branch is vested in the President. 

My question is, is the memorandum on radiation protection guid- 
ance, approved by the President on May 13, 1960, binding on inde- 
pendent agencies such as the ICC, CAB, and others not strictly in the 
executive branch ? 

Mr. Sraats. Yes, they are bound to the same degree that the other 
agencies are, as we understand it. The only caveat I would have, per- 
haps, would be whether or not the Interstate Commerce Commission’s 
statutory powers are such that they would not feel that they were 
bound by any pronouncement of the executive branch. 

I think you well know the tradition and the history of the Inter- 
state Commerce Act, which might, in their view at least, put them in 
a different situation. This, however, I would have to explore a little 
further to be a hundred percent certain as to my statement. 

Representative Horirtetp. There is a legal question as to whether 
an independent agency would be bound by an Executive order, is 
there not? 

Mr. Sraars. That is right, and it is an issue which has had a 
long history, and one which I do not believe has been a hundred per- 
cent resolved either way by the Congress or by the Executive. 

Representative Horirrmeip. Has the Budget Bureau considered the 
advisability of making the FRC an independent regulatory body that 
would actually have the function of regulation and the enforcement 
authority for those regulations? 

Mr. Sraats. Yes; we did consider that as one of several alternatives 
at the time the Radiation Council was established. 

I might say here that, along with Chairman McCone and Secretary 
Flemming and the various other agencies concerned, we explored a 
large number of alternatives before we came to the conclusion to rec- 
ommend the establishment of the Federal Radiation Council. There 
was a great deal of staff work involved which I think explains a little 
bit the time that it took us from the time we announced this study 
until the time the Council was actually established. A great deal 
of intensive staff analysis was done in the Budget Bureau, the Atomic 
Energy Commission, and the Public Health Service. 

If there was felt to be any question in this area as to the status 
of these regulations, we would much prefer to see it resolved by vest- 
ing additional legislative authority with the President, rather than by 
giving it to a council made up of presidential advisers. We think that 
the fundamental point would 3 to keep this authority with the 
President. 

However, we have checked with our legal people, and we do not 
believe that it is necessary to vest any additional legislative powers 
in the President. We think he has them inherently as the Chief 

Executive. 
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Representative Hoxirretp. Of course, you appreciate the pense 
of Congress when an executive privilege is claimed for deliberation 
of this Sede which sets up a policy, and we sometimes find ourselves 
unable to obtain information which we think is necessary for us to 
have. You are familiar, of course, with the letter of November 18 
from Mr. Chadwick to us, in which he claimed executive privilege 
with regard to an inquiry which was sent to him. This was brought 
up in the hearings. It may not have been called to your attention. 
(See p. 143.) 

Mr. Sraats. I am sorry, Mr. Chairman; this particular letter has 
not been called to my attention. 

Representative Horirterp. We will furnish you with a copy of it. 

Mr. Staats. I would like to say this, however, on the general point. 
In line with the concept of organizing the Federal Radiation Coun- 
cil that the Budget Bureau had, we hoped that there could be the 
freest exchange of information between the Congress and the Council 
as to its deliberations. I am sure that this would reflect the views of 
the members of the Council itself. 

(Letter handed to Mr. Staats.) 

Representative Horirretp. Will you just take time to read the 
letter? It is not necessary to read it into the record, but we will have 
a little half-minute recess while you read the letter, and you will see 
the point I am making. 

(Brief pause.) 

Representative Houirre.p. I see you have finished reading the letter. 

Mr. Sraats. Yes. 

Representative Hoxirrecp. This is the situation in which the Con- 
gress finds itself when we try to find out from the executive branch 
the basis for the background material, you might say, for the setting 
of policy. Of course, we must continue to face this at this point, if 
the FRC remains completely in the executive department and in the 
Office of the President. 

And I am aware of the reason for claiming executive privilege in 
many cases; I think it is highly proper. There may be a difference 
of opinion as to whether it should have been claimed in this particular 
case, but in any event, we face the fact that in the case of a council 
such as this, we do find ourselves estopped from going into the back- 
ground of the material. 

If the guides that are set up by this advisory body are to be used 
as the basis for agency regulations, then would not the agency using 
those guides use the action of the Council as a defense in case they were 
challenged? If so, they are using an area of defense that the Congress 
cannot reach. 

Mr. Staats. Mr. Chairman, this is the first time I have seen this 
letter. I want to emphasize that point. But as I read it here, it occurs 
to me that there are perhaps two or three things involved in the ques- 
tion which you have raised. 

To take the last first, it seems to me that the basis of the submis- 
sions which come to the Council from the agencies, documents and so 
forth that are submitted to the Council, would fall in the same category 
as any other agency document, and therefore should not be privileged 
any more than they are at the present time. 
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As I read this letter, it refers to conversations, differences of opinion, 
and so forth among the members of the Council which lead up to 
advice which they give to the President. I believe the authors of this 
document perhaps are trying to protect the situation whereby the 
question would be raised as to why the President took one agency 
head’s advise as against another. 

Representative Horrrretp. We were not making a specific inquiry 
that brought this response. We were discussing the setting up of 
a relationship between the staffs in order that we might more com- 
pletely understand the situation. 

Mr. Sraats. I believe there has been a view, which I must say we 
have shared, that it would be a mistake perhaps to set up a large staff 
on a permanent basis, and that our hope is that since there are a num- 
ber of committees of Congress who have an interest in public health 
matters, atomic energy matters, and so forth, information could be 
obtained directly from the agencies, thus removing the need for a cen- 
tral staff and keeping the lines of communication between the agencies 
concerned and the committees of Congress which have been previously 
established. 

Representative Horirrecp. I think we are in sympathy to a certain 
extent with the position of not building a large bureaucratic organiza- 
tion, but I think we are also somewhat concerned, as we questioned 
Mr. Chadwick about the size of his staff, as to whether he actually had 
enough staff really to do a job of coordination in this field. He has no 
staff at all, at a matter of fact, as I understand it. 

Mr. Staats. He can assemble a staff at any time, and in such com- 
binations as he and the Chairman feel are necessary, by having those 
people assigned to him. 

Representative Houirtetp. The question is, really, do we plan a 
function important enough to justify a staff? Will the function of 
study and processing of problems which may come up, a scrutiny of 
regulations, to find out if they are within the scope of the guides, the 
so-called guides, the giving of leadership in the overall field—will this 
function be performed? Is there going to be a function which would 
justify the building of a competent staff of coordinated study people? 

Mr. Sraats. I do not know how much staff actually would be in- 
volved. I would not disagree with any of the points you have listed 
there as a need for some central scrutiny by the Council. 

Representative Hottrtetp. Otherwise, I think there is no use in hav- 
ing it. It becomes a fiction, in effect. 

Mr. Staats. That is right. 

Representative Hortrretp. In most instances, the heads of agencies 
will not be able to attend these meetings; they will have designees who 
attend. The meetings will be sporadic. The testimony so far indi- 
cates, for instance, that the Council meets only once a month. I was 
just wondering if there was any real reason for the Federal Radiation 
Council. 

Mr. Sraats. I would say that once the basic standards are estab- 
lished, perhaps the main problem is, as you pointed out, the need for 
review from time to time by the Council of the agency’s operating 
standards from the standpoint of conformity with the basic standards, 

Representative Hosmer. Just a moment, now. 
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These standards and this guidance are the responsibility and stem 
from the authority of the President. They have been established by 
him, with the advice and guidance of the Council, but as stemming 
from the authority of the President. It seems to me it is the Presi- 
dent who has the responsibility, if he wants to exercise it, to see whether 
the various agencies and so forth are complying with them. 

If he wants to throw that back on the Council, which is not an FBI, 
but a somewhat semiscientific body for establishing rules, he could 
do that. But I think he would more logically, perhaps, assign the re- 
view function to the AEC or Public Health Service or some other ad- 
ministrative type of body, as distinguished from an advisory group. 
Is that not true? 

Mr. Sraats. Mr. Hosmer, I thoroughly agree with you, that this is 
the point where you would get your assurance that the standards were 
being complied with. But there still might be room from time to time 
for, say, the Council to meet and get a report from the agencies as to 
their experience with these standards from the standpoint of any fur- 
ther advice they might want to give the President. 

Representative Hosmer. I would think that was definitely a fune- 
tion, and I would assume as new facts and figures were developed, we 
could go further. We have had a stream of witnesses telling us we do 
not have the facts and figures to assess any of these things, anyway, 
with any degree of accuracy. As those develop, the Council could 
again re-review and again advise the President. But setting them up 
as an administrative body, I think, is something else. I wanted to 
clarify that point. 

Mr. Sraats. Yes. I think your point is quite well taken. 

Mr. Ramey. I think another function of the Council that a number 
of witnesses thought it should exercise is not just what it has done in 
taking the NCRP numbers and setting them up as a policy or guide 
for the executive agencies, but to review essentially what the benefits 
of proposed use are, especially new uses of radiation, to give the Presi- 
dent some policy advice on the radiation hazard aspect, balancing the 
problem of whether to stay within the numbers they have adopted, 
or whether to go over the numbers, and balance the cost factor, and 
some of these social considerations. 

The testimony has shown, of course, that so far, there has been very 
little economic or social data factored in to the Council. They have 
consulted the same people, the same scientists that the NCRP con- 
sulted. 

Mr. Sraarts. I believe our position may be this—and this may reflect 
some difference, in degree at least, between us. 

[t has been our view that, at least at the present time, we have to 
rely basically on the operating agencies to make this balance of judg- 
ment. Take, in the case of the military for example, the question of 
exposure of men with respect to radioactive materials in a subma- 
rine or in the field. These are the kinds of decisions that have to be 
made by the operating agency. Similarly, we have the problem in the 
Atomic Energy Commission. 

What we have felt was the only answer was to give the basic operat- 
ing standard responsibility to the agency head operating within the 
framework of some basic guides which the President weal issue after 
getting advice from the Council, subject always to review. 
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This, I think, is the basic premise on which we have proceeded in 
setting up the Council. 

Representative Hosmer. I gather, then, you think the economic, 
social, and other factors should be factored in at the agency regula- 
tion-making level. 

Mr. Sraats. Absolutely. 

Mr. Ramey. So you could then end up by using up your whole level 
of radiation tolerance, shall we say, the difference between what people 
are generally being exposed to, and what the standard is that the 
President has established. You could use all of that up, without ever 
going to the Council or having the President give any guidance, and we 
would find ourselves right on the verge then of hit and miss as to this 
maximum guide level. Is that correct ? 

Mr. Sraats. That is correct. I am sure that you are at least as fa- 
miliar as I am, though, with the fact that these are not absolutes. We 
do not know enough about these standards at this point, and we may 
never know enough about them, to be as absolute as that. 

Representative Hotirreip. That is true; once your bracket is set, 
we will assume for practical purposes that they were set wisely and 
with proper judgment. What Mr. Ramey is saying is that the AEC 
might permit activities which would use up the total field, or the 
Department of Health, Education, and Welfare, or the Defense De- 
partment. So there is this missing factor of control, of first scrutiny, 
coordination, and evaluation, and then possibly control. 

Mr. Sraars. This is a little different point than I had understood. 

Mr. Osborn here, I think, would like to comment on that, if you 
are agreeable. 

Representative Houirretp. Very well. 

Mr. Ossorn. Mr. Chairman, we are aware of the implications you 
are bringing up. We have been told that this will not develop until 
some time in the future. We have anticipated it. We think that at 
some time in the future—and we do not know how soon—there will be 
a very real problem of rationing. We expect that this will then be a 
grave question for the Council. We have been assured, however, that 
at the present time it does not exist. 

Representative Hotirrevp. I think that is true. 

Mr. Ossorn. But as soon as it does begin to develop, this is one of 
probably the greatest responsibilities that the Counci and the Presi- 
dent will have, and undoubtedly it will be a matter of congressional 
concern, the rationing of the use of radiation, and its effect on the 
public. We are aware of this. 

Representative Hosmer. Mr. Osborn, I gather you are assuming that 
that would be a function of the Council. I am wondering if it is not 
more properly a function that lies someplace else. You say it is a 
function of the President to get it done by somebody, because he 
obviously does not have the time or knowledge to do it himself. I 
am not too certain that just because the Council exists, it would be 
thrown back on it. This is a different type of thing than the Council 
was established for. 

Mr. Ossorn. When this situation develops, we think that this will 

robably be one of the most unique exercises of governmental power 
in all history. 

Representative Hortrrerp. I know; you said that. But you also 
said that it should be done by the Radiation Council. I wanted to 
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bring that point to discussion, at least, as to whether or not you 
really mean that it should be done by the Radiation Council, or that it 
should be done, but possibly done by someone else. 

Mr. Sraats. I could not agree with you more. ; 

Representative Hoxrrretp. I do not think he said that. I think it 
was Mr. Ramey that made the suggestion, rather than the witness. 

I do not think the Council, as it is now constituted, could within 
itself solve that problem, which you say may come in the future. It 
might, however, if it fulfilled its best advisory function, call it to 
the attention of the President, and the President, of course, then 
might take it up with the different agencies and, through consultation 
with the Chairman of the Atomic Energy Commission and the Secre- 
tary of the HEW, arrive at some kind of a coordinate solution to it. 
But certainly we did not have in the Federal Radiation Council the 
authority to set these policies except on the advisory level. 

s Sraats. I do not think we are saying different things here 
at all. 

I would say that the Council would have cognizance of this prob- 
lem in an advisory capacity and should keep itself informed as to 
when this problem reaches the point that Mr. Osborn has indicated. 
However, I would agree with you that once the Council has made its 
suggestion to the President—and it might have alternatives that it 
could put before the President—it would be the President’s decision as 
to how he went about implementing that, whether through the AEC 
or through some other arrangement. But that would be a bridge he 
would have to cross, whoever the President was at that time. 

Representative Hoxirtetp. We are still missing in the present ar- 
rangement the authority to deal with this from an organizational 
authority standpoint, are we not? The authority to actually ration, 
as Mr. Osborn said, allocations of radiation exposure to different 
functional agencies. 

Mr. Sraats. I would concede that there is no organization now 
established, short of the President, who could on its own, with its own 
statutory authority, proceed to make the kind of rationing which is 
described. This is a point well in the future, we believe, and is in the 
framework of what I indicated a while ago. We want to watch this 
and see how it develops. 

Representative Hosmer. But there is an existing problem that is 
not handled as it should be handled; that is, seeing that the actual 
regulations that the agencies establish are in accord with the Council’s 
recommendations. 

Mr. Staats. We do not really see this as a major problem. We 
think that it would be wise for the Council to meet and review with 
the agencies concerned the operating standards they have established 
in relationship to the basic standards. We would agree with the chair- 
man’s thought here that the staff of the Council can be in close touch 
with the agencies in this process. 

Representative Hosmer. Yes, I see why that should be done, to keep 
the Council informed so that it can better evaluate any changes in the 
guides in the recommendations to the President. But in so doing, I do 
not think that the Council assumes the policing function. 

Mr. Sraats. I agree. 
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Representative Hosmer. That policing function—and I use that in 


a very broad sense—I think would disturb their actual primary 
function. 


Mr. Sraats. I would agree. 

Representative Hosmer. That is something that should be some 
place else. 

Also, I suppose, there may be some matter of actual correlating 
of these various regulations so that they are not too diverse from each 
other. Two different agencies may impose regulations on the same 
persons, whether they are civilians or those in the Government, and 
it is a good policy not to have the regulations in conflict. 

So those two things, at least, are present problems, where the other 
one you talked about, the rationing, is a future problem. Are these 
two present problems of enough significance to do anything about? 
You say they are not; that is my understanding. 

Mr. Sraats. That is correct. 

Representative Houirretp. Mr. Ramey. 

Mr. Ramey. The point I made was not entirely in the future, ration- 
ing. I think the thing that has worried a number of people is that 
gradually you can build up to these things without quite appreciating 
them. It seems that there are certain increased uses that would be a 
proper subject when they come up: for example, a resumption of 
atmospheric testing. ‘That has a lot of the different factors of dis- 
armament and other matters, but it also has the problem of radiation, 
the effect on agriculture, and so on. It would seem that this was the 
kind of thing your Council might want to look at before the Council 
was in operation: the matter of whether or not you have sea disposal 
of atomic waste at all, or go to land sites, that the Commission has 
decided upon, which is a very wise decision. 

This sort of thing may affect more than one agency and have a 
rather long range of broad effects. So it might be the kind of thing 
on which the Council should properly advise the President. 

Mr. Sraats. To use the example of testing, of course, as you know, 
the President would have to approve any such tests; and our view 
would be that one of the considerations that he would have before him 
would be the advice of the Federal Radiation Council on the effect. of 
testing, on using up the spectrum, if you will, on radiation exposure. 

We believe that this is simply one that we are going to have to con- 
tinue to review from time to time, Mr. Chairman. I do not see that 
there is anything here at this point which would justify our revising 
either the purpose or the function of the Council. We believe that 
the President 1s going to have to be concerned with this problem as it 
develops in each of the agency’s programs. 

Representative Hotirievp. Getting back for a minute to the NCRP, 
you consider it important, as you said, that the NCRP remain a com- 
pletely independent organization ; do you not? 

Mr. Sraats. Yes. Of course, it has a long history, as you know. 
It has both Government and non-Government scientists in its member- 
ship. I think we have a somewhat different situation now that the 
Government itself has organized a Federal Radiation Council. The 
Federal Radiation Council, as you know, has working committees, and 
among the membership of the committees obviously will be people who 
have been serving with this NCRP. We feel that there is posed here 
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a problem of their service as members of an outside organization 
which is studying this problem, as well as serving as a member of a 
working group of a Government agency, working with the Federal 
Radiation Council. 

Representative Hoxtrretp. You do not think there is a conflict there; 
do you? 

Mr. Sraats. “Conflict” is perhaps too strong a word. We would 
not see any reason why they should not continue as members of this 
NCRP. 

Representative Hortrretp. If they are members in the NCRP, and 
they develop a composite opinion or an adjusted opinion as approved, 
is there any reason why they would not carry that opinion over into a 
working group with the Council ? 

Mr. Sraats. This is a matter that is still under discussion; but I 
believe our view on that has been that in the case where the Govern- 
ment has asked the NCRP for its advice, the Government members 
should not participate in any voting or formally take a position in the 
NCRP on the advice that they give the Government, in view of the 
fact that they will be called on to review the suggestion or advice 
which they will receive. This we think would be proper and in order. 
We do not think that this would go to the point of saying they should 
be excluded from membership or participation in the NCRP, but per- 
haps an observership role, a technical adviser role would be more 
appropriate. 

Representative Hortrrecp, You do not anticipate that the separate 
working groups will nullify the need for the NCRP? 

Mr. Staats. We have not thought so, no. We think that there is 
room in this field for outside scientific groups of this type, whether 
they be in the National Academy of Sciences or the NCRP. 

Representative Hotirrerp. What about the financial support g 
Does NCRP receive any financial support from the Government ? 

Mr. Sraars. It has in the past, I believe, in terms of the meeting 
expenses. ‘The exact amount of that I do not have with me. 

Representative Houttrrevp. Would this working group of scientists 
be on a nonpayment basis, or would they be recompensed for their 
time and expenses ? 

Mr. Staats. The nongovernmental groups? 

Representative Hotirretp. The working group, yes, the nongovern- 
mental scientists who might be members of a working group of the 
FRC. 

Mr. Sraats. I believe they get per diem and travel. 

Representative Horirreip. As to all scientists, whether they were 
governmental or nongovernmental, you would have Government 
funds supporting their efforts, would you not ? 

Mr. Sraats. T) hey would be in the same relationship with any other 
adviser group called together by our Government, in that they would 
be authorized to receive per diem and travel for the time they spent 
on the function. 

Representative Hotirrecp. We would assume in both instances their 
primary allegiance would be to the Government. 

Mr. Sraats. I believe that would be a fair statement. 

Representative Hortrrevp. Are there any further questions? 
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Mr. Ramey. In addition to the problem of executive privilege, 
which has been discussed so far as to the way the Council operates, an- 
other problem that has been raised several times is the fact that the 
regulatory agencies may issue their regulations to follow the Admin- 
istrative Procedures Act, whereas the Council, in developing its recom- 
mendations which the President later approves, has no device for 
obtaining public comment, criticism, or protest on the standards that 
it has put out; and yet these standards practically, as your estimate 
recognizes, are pretty well binding on the regulatory agencies and 
quasi-judicial agencies, apparently, except the ICC. This seems to 
have raised a real problem of public policy, of how you get the public 
to be able to criticize this. 

Representative Hoiirrerp. Apparently Congress is precluded by 
Executive privilege, and the public is precluded because they have no 
set method of going before the FRC. Then it comes down to the 
point that if any protest is made, it has to be made to, let’s say, the 
AEC or the HEW, which does have protest procedures under the 
Administrative Procedure Act. Then, if the guides set up by NCRP 
are used as a defense, how does the complainant attack the wisdom of 
the Federal Radiation Council standards? 

Mr. Sraats. I was going to follow your question by saying that I 
felt that the public is going to be affected, of course, by the operational 
standards issued by the agencies concerned; and they, of course, are 
under the procedures of the Administrative Procedure Act. 

I would not think it would be appropriate for an agency to take the 
view that simply because the Federal Radiation Council has made a 
recommendation and the President has issued standards, that would 
be an adequate basis for denial of the petition of an outside group. I 
would not think that would be a proper exercise of the discretion he 
would have, operating under the Federal Radiation Council’s advice 
and the President’s standards. 

Representative Hosmer. Are you a lawyer, Mr. Staats? 

Mr. Staats. No, sir. 

Representative Hosmer. Are either one of these gentlemen with you 
lawyers ? 

Mr. Staats. No, sir. 

Representative Hoswer. I think you are trying to answer a ques- 
tion of law here, that a lawyer should answer. It is the agency’s regu- 
lation. It has issued it on its authority, having gone back and used 
the guide in making up a regulation. 

Now, when it comes up before an administrative hearing, the ques- 
tion is, Can the Council’s guides be put in evidence? If they can be 
put in evidence, what is their effect? Is it conclusive proof that the 
regulation is proper? Does it create an irrebuttable presumption? 
Does it create a presumption which must be overcome by a burden of 
proof or is it merely a matter of weight of evidence, like any other 
evidence that has come in? 

I think that would probably be the case, but I want to point out, 
Mr. Chairman, I think we are going to have to get the lawyers in here 
on that one. 

Mr. Staats. I was speaking not from the legal standpoint. I did 
not understand that to be the question. I was speaking rather as 
to how we approached this from the standpoint of the agency’s posi- 
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tion. The standards do not change any of the basic laws under which 
the agencies operate. 

Representative Hosmer. That is right. I think our hearings have 
gone pretty well into what the practical effect of these guidance rules 
are, but we have a gap in our hearings as to the actual legal effect. 
Whether that is of importance at this point, I do not know, Mr. 
Chairman. 

Representative Horirrexp. I do not think it is important as far as 
the degree of exposure is concerned at this time, but it might become 
important in the future if different agencies availed themselves of 
vee 7 in the President’s memorandum to go beyond the per- 
missible guides as they are allowed to under the President’s memo- 
randum. If there is not a coordination and a fitting together of these 
different agencies who go beyond the guide, you come up with a total 
exposure which is beyond the guides, although each agency within its 
own program would not be beyond the guides. 

This 1s the point that bothers us, the point of whether FRC is 
going to be alert enough and staffed well enough and will perform 
its function well enough to coordinate and evaluate the problem which 
would arise at that time. Each segment of the problem would be 
justified legally within the guides, but the overall problem would go 
beyond the maximum permissible concentrations. 

Representative Hosmer. Mr. Chairman, I also think this particular 
point would resolve whether or not the public actually had the chance 
to get in at these guides and have their say about them, or actually 
whether or not it is even necessary, since the whole issue would be 
decided on the regulations, which they would have a chance to come 
into. It is quite a question for an administrative lawyer, I think. 
But it does actually lead back to an answer to some of these philoso- 
phical questions we have been getting into. 

Mr. Secaee Are we not dealing here with an area still, though, of 
such great uncertainty, as to their scientific implications, that I won- 
der if the matter of public participation in the development of the 
standards applies here in the same way that it does in many other 
fields. After all, up until the time this Council was established, there 
was only the National Academy of Sciences and NCRP functioning 
in this field for practical purposes at all. 

Mr. Ramey. And the Joint Committee. 

Mr. Sraats. Yes; the Joint Committee. But I am speaking now 
of, as far as the public is concerned, the nongovernmental public. I 
do not want to arrogate from any of the work that has been done in 
the agencies themselves: the Bureau of Standards, of course, and 
Public Health and others; but as far as the public is concerned, it has 
been confined pretty much to the scientific ae and that has 
been largely pulled together through the National Academy of Sciences 
and NCRP. 

Representative Hoxrrrerp. We realize that, and also the area of 
uncertainty in setting up the guides. But once the guides have been 
set up, as a matter of prudent Judgment on the part of those who are 
supposed to do most about it, and once they become the criterion by 
which separate agencies adjust their regulations and rules, then we 
still come to this problem; and it is not solved by saying there is an 
uncertainty in setting up the original guide. We come to the problem 
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of, if it is set up and if it is meaningful, should it be in the overall 
complied with or should we, when we come to the point of noncom- 
pliance, say, “Well, after all, it is a vague and uncertain area, and 
although we set up a maximum permissible concentration under the 
guides, we have left a loophole there where each agency can go beyond 
it, if they give the subject serious consideration” ? 

This is the point that we are getting at, and I think it is a point 
that needs study. It is not an urgent problem at the present time, but 
I think it might be becoming more important in the future. 

Mr. Sraats. I would agree. 

Representative Hortrre.p. If there are no further questions, we will 
excuse you, sir, and thank you for your testimony. 

Our next witness will be Chairman John McCone of the Atomic 
Energy Commission. 

Mr. Chairman. 


STATEMENT OF JOHN A. McCONE, CHAIRMAN, ATOMIC ENERGY 
COMMISSION; ACCOMPANIED BY JOHN F. FLOBERG, COMMIS- 
SIONER; LOREN K. OLSON, GENERAL COUNSEL; WILLIAM F. 
FINAN, ASSISTANT GENERAL MANAGER; ROBERT LOWENSTEIN, 
ASSISTANT GENERAL COUNSEL; NATHAN H. WOODRUFF, DIREC- 
TOR, OFFICE OF HEALTH AND SAFETY ; AND HOWARD C. BROWN, 
ASSISTANT TO THE CHAIRMAN 


Mr. McCone. Mr. Chairman, ‘e asking your permission to pre- 
Mr. McC Mr. Chairman, before asking your permission to pre 


sent a brief prepared statement, let me say I was down at Oak Ridge 
yesterday, and I brought back with me a new Geiger counter [ dis- 
playi ing device] that is quite a remarkabe instrument that they have 
just invented and developed at Oak Ridge. It is very useful. As 
you know, when we go into places that are suspected of being radio- 
active, we "have badges so that we record what exposure we have had. 
This is an important and useful machine. I think it is going to be 
very useful. 

I have a radiation source here, and when I bring the source close, 
then there is a response to it, you see [demonstrating, producing 
audible sound]. 

Representative Hoxirrevp. Hold it in front of the microphone. 

Mr. McCone. Yes [doing so]. 

Representative Hortrrecp. If you had that, you would not need 
a canary, would you? 

Mr. McConez. No. As you walk around through various parts of 
the plant, this would respond at various levels of intensity. 

This source is a radioisotope. I will give this to you, Mr. Chairman, 
not to prove to you that the Commission has the slightest intention of 
charging you with radioactivity; but I think i would like to see 
it up ) close. (Showing to Representative Holifield 

Mr. Chairman, I am pleased to be here today with Secretary Flem- 
ming and other witnesses from the executive branch to complete the 
Government’s testimony on radiation protection criteria and stand- 
ards—their basis and use. 

The Commission welcomes the opportunity to participate in these 
hearings; we believe they: serve well the important objective of pro- 
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moting a better public understanding of the manner in which radiation 
protection standards are developed and how they are used. 

With your permission, Mr. Chairman, I should like to comment 
today on certain of the organizational, administrative, and legislative 
matters which I am informed have been discussed during the course 
of these hearings. 

In September 1959, two significant developments occurred bearing 
on the organization of the Federal Government for the protection of 
individuals and the public from ionizing radiation. These were the 
establishment of a statutory basis for Presidential guidance of execu- 
tive agencies with respect to radiation protection criteria; and pro- 
vision for the assumption by the States of certain regulatory responsi- 
bilities for licensed atomic energy materials. These two provisions 
are embodied in Public Law 86-373. 

The Commission strongly supports the concept of the Federal 
Radiation Council as a body advisory to the President. My fellow 
Commissioners and I, personally, have followed closely and have par- 
ticipated in the work of the Council since its inception. The Com- 
mission has been represented at each of the meetings of the Council 
by a Commissioner. 

In the creation of the Council, both the Congress and the executive 
branch of the Government have recognized that nuclear energy, like 
most great technological advances down through the ages, is accom- 
panied by problems of health and safety. Those problems must be 
dealt with wisely and completely in order that the manifold bene- 
fits made possible by the energy may properly be enjoyed. 

During the early days of development of the atomic energy pro- 
gram in the United States, its particular problems of radiation stand- 
ards and their relationship to health protection were essentially 
within the province of the Atomic Energy Commission and its prede- 
cessor the Manhattan Engineering District. In recent years—and 
especially in the last 2 or 3 years— other agencies of the Federal Gov- 
ernment have, quite naturally, become increasingly involved in the 
complex problems of radiation protection criteria. I think it should 
be noted, however, that this development is also a reassuring commen- 
tary on the growth in the use of radiation sources, radioisotopes, and 
nuclear reactors in virtually all phases of our economy—in industry, 
in agriculture, in medicine, in defense, and in essentially all aspects 
of research. 

As the number of Federal agencies concerned with ionizing radia- 
tion has increased, the need for coordination of radiation protection 
criteria has become more evident. 'The Commission believes that it is 
essential that Federal agencies in the discharge of their responsibili- 
ties for health and safety where radiation hazards may be involved, 
apply consistent policies, criteria, and standards. It is in this area 
that the Federal Radiation Council now plans an important role and 
I would visualize that its functions mm increase in scope and im- 
portance in the years ahead. 

One of the most significant contributions which the Council has 
made has been the recommendation of the Federal radiation guides 
recently approved by the President. These guides do not differ ma- 
terially from the recommendations regarding exposure to radiation 
promulgated by the National Committee on Radiation Protection and 
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Measurements and its international counterpart, the International 
Commission on Radiation Protection. Throughout its history, the 
Atomic Energy Commission has based its radiation protection poli- 
cies and measures in both its direct operations and its licensing pro- 
cedures on the recommendations of the NCRP. I believe that our in- 
dustrial plants and our laboratories have, all things considered, 
achieved a splendid record in health protection—a record all the more 
remarkable when one considers the vast quantities of radioactive ma- 
terials involved in the programs and the vital national defense activi- 
ties to which much of our effort is directed. 

I have mentioned the important role which the NCRP has played 
in the development of basic standards or radiation protection. I 
would like to make it clear, that in the Commission’s view, the forma- 
tion of the Federal Radiation Council has not supplanted the need 
for the NCRP or the ICRP; the work of these independent com- 
mittees continues to be important. The advice of these independent 
committees will continue to be of great value to the Federal Radia- 
tion Council and to the President. 

I believe it is important to note, Mr. Chairman, at this point in our 
discussion, that radiation protection criteria must be based on the 
best. scientific evidence. The new Federal radiation guides and the 
criteria recommended by the NCRP are based in large measure on 
research which has been sponsored by the Atomic Energy Commis- 
sion. I would, therefore, like to stress the importance of the con- 
tinued sponsorship by the Commission of a vigorous program in 
radiobiomedical research. Such research is an integral part of the 
many steps taken by the Commission to fulfill its strong responsi- 
bility to its employees and to the employees of its many contractors 
for their health and safety. This responsibility can only be dis- 
charged by a research program oriented to ward the particular prob- 
lems encountered in atomic energy operations. In addition, the re- 
sults of such researches are also put to important use by other private 
and public groups. 

The matter of Federal-State relations in the field of radiation pro- 
tection is of growing importance. Under our system of Government, 
responsibility rests with the States for most of the activities relating 
to the protection of the public health and safety. Thus, the Com- 
mission believes that it is proper—indeed, that it is highly im- 
portant—that there be set in motion actions which will enable and 
encourage the States to begin to assume responsibility where nuclear 
health and safety matters are concerned. ‘The Commission is work- 
ing hard to bring about systematically the shifts in responsibility 
contemplated by Public Law 86-373. We believe that some transfers 
will take place before the end of this calendar year. 

In this connection, Mr. Chairman, I would like to report that we 
have had discussions with representatives of a number of States; the 
most active one, I believe, being the State of New York, who have 
taken a very active interest in this matter. 

I would hope that we could develop arrangements with a few States 
that would be thoughtful and would be sound, and then we could 
present those to all States for their consideration ; the objective being 
to create uniformity throughout the country in this field, such as has 
been accomplished in other fields. 
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Representative Houtriexp. I think it would be very valuable to have 
model legislation which could be as uniform as possible. There might 
be variations, but it would certainly make much easier the job of ad- 
ministration throughout the Nation, particularly on those areas where 
State implementation of Federal problems or Federal requirements 
were concerned, if you did have uniform legislation. 

Mr. McCone. We feel that way and are working to that end. 

I believe, therefore, that insofar as Commission activities are con- 
cerned there now exists an adequate statutory basis for public pro- 
tection from ionizing radiation. There may arise a need in the future 
to amend the present. statutes to permit improvements to inefficiency 
and effectiveness. The Commission stands ready to cooperate with 
the Congress in a continuing review of such needs. 

In conclusion, Mr. Chairman, I would like to acknowledge again, 
as I have on so many previous occasions when I have appeared before 
your committee, that the Commission takes most seriously its statu- 
tory and moral responsibility to conduct its operations and to dis- 
charge its regulatory duties with proper regard for the public health 
and safety. Adequate radiation protection criteria are essential to 
the execution of this responsibility. I would like to assure you that 
the Commission will continue to cooperate fully with the Congress in 
matters of health protection and in the important objective of keep- 
ing the public informed of the complex considerations involved in 
radiation measurements and exposure limitations. 

Mr. Chairman, that concludes my prepared testimony; thank you 
for the opportunity of appearing here today. 

I will be happy to answer any questions that you might care to ask. 

Representative Horirtetp. Well, the committee, of course, is aware 
of the efforts that have been made by the Atomic Energy Commission 
since its inception to bring about a situation of safety in regard to its 
contribution toward this radiation problem, and we find in our hear- 
ings that it has been taken care of so well that actually 90 percent of 
the exposure that people are subjected to comes from other sources 
than atomic energy plant operations. This is comforting to the com- 
mittee, and I know it is due to the care that has been taken in the 
Commission in this area. Of course, we know that you will continue 
to do so. 

Mr. McCone. It is a source of continual amazement to me, Mr. 
Chairman, to visit plants, as I did Savannah River on Tuesday and 
Oak Ridge, again, on Wednesday, and observe the care; when you con- 
sider that of the 107,000 employees of the Atomic Energy Commission 
and its contractors, a very large percentage of them are working with 
materials in which there is a continual possibility of exposure. 

Representative Hoiirtetp. And in tremendous quantities. 

Mr. McConr. And in tremendous quantities. 

Representative Hoxirretp. So much greater than the other sources 
of radiation that are outside of the atomic energy program. 

Mr. McCone. And the skill with which they have developed facili- 
ties and procedures for the protection of the employees and the manner 
in which that is continually monitored is a source of great satisfaction 
tome. I can say that, because, as you know, this was all established 
long before I came into the Commission. So my role has been merely 
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one of encouraging the continuance of that which has been done by 
my predecessors. 

Representative Horirretp. The concern of the committee goes be- 
yond the function of the AEC plants and now must go to other areas, 
however, which stem from actions of the AEC. That is the estab- 
lishment of reactors and the use of radioisotopes and the relinquish- 
ment of Federal control in many instances of this material into private 
hands, and, as the State regulations grow, into State regulatory bodies. 

We have some specific questions which we want to ask in regard to 
some of these areas. 

Starting in on our selection of reactor sites, which the AEC has to 
approve, we are faced with certain problems in the establishment of 
these reactors, and unfortunately the environment does not remain 
static around these reactors. And as you know, we recommend low 
population density around the active sites. But unless those reactor 
sites are chosen with enough surrounding land, how are we going to 
keep the population density low? How are we going to prevent the 
growth of population around these plants, to where a situation that 
may be safe at the present time may te hazardous in the case of an ac- 
cident 10 or 20 years from now? 

Mr. McCone. That is a difficult problem, because with the develop- 
ment of areas and movement of people, you can never be sure that an 
area that is sparsely populated today will not be densely populated 10 
or 20 years from now. You know that so very well from your experi- 
ence and my experience in southern California. 

However, we answer that problem first by insisting upon an exclu- 
sion area which cannot be occupied by anyone. This gives a consider- 
able measure of protection. And then we endeavor to select loca- 
tions in which there is the least probability of a growth of dense popu- 
lation, 

Representative Horrrretp. But we lose some control, because local 
governments have the prerogative of zoning and land use improve- 
ment and other things. So this is one of the factors which the Atomic 
Energy Commission is going to have to take into consideration in the 
approval of the active sites. I do not know exactly what the answer 
will be, but it is certainly going to become a factor as time goes on. 

Now, part of this must be taken care of, I suppose, by local zoning 
and regulation and ordinances and that sort of thing. 

You issued a regulation, or at least a study of criteria. The title 
is, “Proposed Criteria for Guidance of States.” And in the area of 
inspection, there is quite a bit of general language on inspection. 
How did these sections compare with AEC’s own present inspection 
practices and procedures ? 

Mr. McConr. Well, I think that they conform quite closely with our 
procedures; although I might ask Mr. Finan, if he is here. He has 

een instrumental in the drafting of many of these regulations, and I 
would like to ask him to respond specifically to that question. 

Mr. Frvan (William F. Finan, Assistant General Manager for 
Regulations and Safety). The inspection criteria were actually de- 
signed along the lines of the present practices and procedures of the 
Commission. 

Representative Horirietp. In other words, there was no diminution 
of the requirements ? 
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Mr. Frvan. That certainly was not our intent, Mr. Chairman. 
Representative Hotirrerp. Now, you have an inspection guide that 
is used in your Inspection Division, do you not? 

Mr. Finan. Yes, sir. 

Representative Hotirreip. Would this document be available for us 
to compare it with the criteria that you put out in the “Proposed 
Criteria for Guidance of States?” 

Mr. Frvan. I believe so, Mr. Chairman. At the moment I could 
not think of any reason why not. 

Representative Hoxtrretp. Is there any reason why these guides 
should not be made public, Mr. Chairman ? 

Mr. McCone. Not at all; no. 

Representative Hotirrerp. What is your practice in the AEC as to 
the inspection of licensees? How many times a year do you inspect 
a licensee ? 

Mr. Finan. This varies, Mr. Chairman, with the character of the 
operation involved. We have broken our isotope licensees, for ex- 
ample, down into five categories, the basis being the potential degree of 
hazard, both to employees and to the public. And the frequency of 
inspection is geared to the category into which the licensees fall. 

It ranges, as I recall, from a maximum of twice a year, down to a 
group of licensees that are handling materials which are virtually 
harmless, let us say. 

In other words, it would be extremely difficult to produce a dan- 
gerous situation in their use. And on those we attempt to cover 
about 5 percent per year of the total. 

Representative Horrrmip. And what would an example of a more 
hazardous application be? 

Mr. Frvan. A radiographer, for example. There might be a set 
of cameras that had fairly powerful sources contained in them. 

Representative Hoxtriep. Is this one inspection a year the only 
inspection of these sources, or is this supplemented by State in- 
spections ? 

Mr. Finan. Ordinarily, we inform the State people of our inspec- 
tions, and in many States it is their practice to have their inspectors 
accompany us. Whether they make separate and independent inspec- 
tions in any cases, Mr. Chairman—I could not answer that question 
here. I would be glade to supply material for the record, if you 
would like. 

Representative Hourrreip. Do you have specified qualifications for 
your AEC inspector that is servicing these licensee operations? What 
qualifications do you have? Arethey professional men ? 

Mr. Frnan. They are vcotunionsl men. Perhaps some profes- 
sional men might want to call some of them semiprofessional men. 
But they are technically trained inspectors. 

Representative Horirretp. In your “Criteria for the Guidance of 
States,” do you set up training requirements ? 

Mr. Finan. There are suggested qualification requirements; yes, sir. 

Representative Hortrrecp. If you release a certain area for State 
inspection, is it not important that you pass judgment upon the capa- 
bility of these inspectors, or at least the criteria of training which you 
require of the States, before you relinquish your own responsibilities? 

Mr. Frvan. Mr. Chairman, this is in the criteria, and it would 
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be part of the basic agreement under which we relinquished control 
and the States picked it up. 

Representative Hortrretp. Mr. Ramey has a question. 

Mr. Ramey. On the general training question, this matter came 
up in the appropriation hearings this year, where the Commission 
requested, I believe, $300,000 to assist States in training people so 
that they can assume responsibility under this Federal-State law. 
Then it occurred in the hearings that the AEC apparently then cut 
their request by $140,000, which was for the travel and per diem of 
State employees to AEC training centers. 

Now is that consistent with the law that says that the Commission 
shall encourage the training of people, and specifically says that they 
shall take into account the additional expenses that States shall incur 
in coming under the Federal-State law! Was this the Bureau of 
the Budget that did this? Or what happened there? 

Mr. McConr. No, this was not the Bureau of the Budget, to my 
knowledge. This was a feeling of the Commission, and certainly my 
feeling personally, that the Atomic Energy Commission, in setting 
up the training facilities, and providing all of the means for train- 
ing, was affording the assistance to the State consistent with the 
responsibilities of the Government. The men that come there are 
employees of the State. It is not uncommon for States to send their 
employees to various educational and training centers and to pay 
their expenses and their per diem. 

It seemed to me that in this field, if the States were approaching 
it seriously, they at least could pay the travel expenses and the per 
diem expenses of their employees. We provide the facilities for 
training, the instructors, and the courses, and it seems to me that that 
is our proper role. 

Mr. Ramey. In talking informally with various State officials, 
we have gathered that the problem of travel and per diem may be 
rather difficult for some State organizations and may be a real impedi- 
ment to the States getting going. For example, some States are 
just setting up coordinators, as in California, for example. They 
may not have gotten their money, may not have gotten set up, so 
that they can pay for people to undergo training like this. And 
maybe even well-established States like New York might have a 
problem. 

Mr. McConr. Well, I feel, Mr. Ramey, that any State has the 
facilities to arrange for this type of travel and per diem expenses. 
Every State that I know anything about has funds for purposes of 
this kind. It may be that laws have not been enacted by the legis- 
lature, but they have no trouble in sending representatives to almost 
any type of an exercise which can be demonstrated to be in the 
interest of the State involved. 

If this does become a problem, then perhaps this budget item 
should be reconsidered. I cannot believe that it is an item very easy, 
however, for the State to take the position that the Federal Govern- 
ment must pay this, that, or the other thing. I personally do not 
think it is the proper role of the Government to be financing the 
travel and per diem of a State employee to go and be educated in an 
activity which is in the interests of the State and which the States 
have expressed themselves as desiring to participate in. 
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Representative Hoxtrretp. Let me go to the next point. 

In the event the State does not avail itself of any training which is 
offered to it in Federal facilities, and for whatever reason there may 
be, lack of funds or lack of design, would this not entail upon your 
= a corresponding reluctance to grant licenses or to relinquish 

ederal responsibility in that particular State ? 

Mr. McCone. Well, we are not going to relinquish Federal respon- 
sibility until the State demonstrates that it can take it over. 

Representative Hoxtrreip. That is right. And if the State wishes 
to preclude its entrance into the atomic industrial age by failure in 
this field, this is something which we take into consideration in relin- 
quishing the Federal responsibility ¢ 

Mr. McCone. That is the way the Commission would feel about it, 
Mr. Holifield. 

Representative Hoxirretp. There may be instances where States 
are incapable of taking advantage of this matter by training their 
employees, but I am somewhat inclined to believe that this is a State 
responsibility, and if it does not avail itself of it, I hope there would be 
no relaxation on the part of the AEC in relinquishing its own respon- 
sibility into incompetent hands. 

Mr. McConr. Well, I think it is inherent in the plan that as we 
relinquish responsibility, it will be under circumstances where the 
States can discharge that responsibility. 

Their inability to finance travel and per diem would certainly indi- 
cate to us an inability to finance the inspection and control that they 
anticipate taking over. 

Representative Hortrretp. Moving from the licensees for the mo- 
ment to contractor operations of the AEC, do you have a special in- 
spection staff which covers the contractor operations ? 

Mr. McCone. Yes. 

Representative Horirtetp. Do they travel from place to place, or 
are people designated ? 

Mr. McConer. They travel. 

Representative Hortrretp. You do not depend, then, on written 
reports of the contractor for this function of inspection ? 

Mr. McConr. Not entirely. A great deal of inspection comes from 
written reports of the contractors; but a vast amount of it comes from 
actual onsite inspection by our own staff. 

Representative Hottrretp. If there is an indication of noncom- 
pliance with regulations, what type of enforcement action can you 
take in two areas; as to the licensee, and as to the contractor? 

Mr. McConr. Well, with respect to the licensees, we can revoke the 
license for cause. With respect to the contractor, we can, if necessary, 
terminate the contract. We have adequate power for remedial action. 

Representative Hortrretp. The power of revocation of license ? 

Mr. McConr. Or cancellation of contract. 

Representative Horirteitp. Have there been occasions when this has 
been done ? 

Mr. Lowenstern. There have been a number of suspensions, and 
there are a number of cases that are in the hearing stage now in pro- 
ceedings to revoke or suspend licenses. 

Representative Hottrretp. So you are on top of that problem? 

Mr. Lowenstein. Yes, sir. 
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Representative Hoxirre.p. Your proposed revisions of so-called 

art 20 were published in the Federal Register on May 6, 1959, and 

believe that they were based on the old standards, were they not? 
The old NCRP standards? 

Mr. Lowenstein. The rule which was published a year ago for 
public comment was based on the most recent recommendations, still 
current recommendations, of the NCRP. 

Representative Horirrecp. I see. I was under the impression that 
this was issued before they came out. 

Mr. Lowenstein. No, sir. 

Representative Horurtetp. Then they are not yet in effect in li- 
censee plants, are they ? 

Mr. Lowenste1n. Not the new ones, sir. We have been receiving 
and considering public comments for the last year; have had a num- 
ber of meetings with industry and labor groups, and then we were 
waiting for the action of the Federal Radiation Council, and the ap- 
proval of the President, which was done just a few weeks ago. 

Representative Hoxrrretp. Do you or do you not consider this as an 
undue delay? It seems quite a while for comment on regulations. 

Mr. Lowenstein. The comment period did not last for a whole year, 
Mr. Holifield, but the problem is a very basic one. We have wanted 
to get good standards in the new rules. We have wanted them to be 
deliberate, after full public consideration. And there did not seem to 
be any need for urgency to rush them into effect, particularly since 
the NCRP in its recommendations had indicated that there was no 
need for urgency. And I think in their recommendations they indi- 
cated a period up until about January 1, 1962. 

Representative Hoxtrterp. In other words, the actual tolerances 
that are in effect are within the realm of safety to the point where it 
is not an urgent matter? 

Mr. Lowenstein. Yes, sir. 

Representative Horirtetp. When do you expect them to be put into 
effect ? 

Mr. Lowrenstern. We would expect during the next few weeks, or 
very shortly. 

Representative Hotirretp. Thank you. 

Mr. McCone, I understand that there are current plans for broad- 
ening your general licensing procedures as digtineniohed from special 
cases. Does this mean that additional devices and materials would 
be distributed without specific licenses required of the users ? 

Mr. McConr. No; I do not think we are anticipating distribution 
of any devices without licensing. 

Representative Horirrecp. There will be registration of the names, 
then, and addresses of the users ? 

Mr. McConer. That is right. 

Representative Horirre.p. Will that registration be with the local 
bodies or with the AEC, or both ? 

Mr. McConr. Well, it will be with the AEC. As to the extent to 
which there could be registration with local bodies, I would have to 
ask our counsel, 

Mr. Lowenstetn. As to the licensees who are in States where there 
are State registration requirements, we have always assumed they will 
comply with State registration requirements. 
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Representative Hoiirietp. But what.if there are no State registra- 
tion requirements for the use of isotopes and atomic materials? 

Mr. Lowenstr1n. Well, we have had for many years general li- 
censees who have very small quantities of isotopes, who have not reg- 
istered with us. Those general] licenses have been based on the as- 
sumption that the quantities themselves are practically innocuous. 

Representative Hotirrevp. In any area where there is substantial 
material, do you not feel that it would be wise for the AEC to require 
that duplicate notification be given to your State health bodies or 
your local city bodies ? 

Mr. LowEnsTEIN. Yes, sir. 

Representative Hourrretp. And do you require that? 

Mr. LowEnstTErn. Well, wherever we issue a license, a specific license, 
the State is notified that the licensee has received the license. I think 
there may be a few general licensees, where we do have information as 
to the names, and we have not given it to the States. I think that 
probably is because no State has ever asked for it. 

Representative Hoiirre.p. We had some complaint last year from 
municipal witnesses that fire departments and police departments, for 
instance, were not aware of radiation sources which may have been 
granted by AEC license in their areas. 

Mr. Lowenstein. There is frequently a problem within the States, 
Mr. Holifield, of communication from the level of the State to local 
bodies, and from one State body to another State body. This is one 
of the reasons why we have encouraged the designation of a State 
coordinator. But as a matter of the Commission’s policy, it has al- 
ways been our policy to furnish this information ot States, and it has 
been our hope that we would not have to notify every group in every 
State, but that the States could get the word around. 

Representative Hotirrerp. I do not think it should necessarily be 
your obligation to do it directly, but I am wondering if the require- 
ments for a license should not include notification of the local city. 

Mr. Lowenstein. We could certain consider that further. 

Representative Hoiirrerp. This would put the burden on the man 
who wanted to use the material, and it would provide the safety factor, 
and it would overcome any lag which might exist between the State 
governmental body and the local body. 

Mr. Hosmer? 

Representative Hosmer. It seemed to me, reading over last year’s 
hearings, that the same statement was made, but nothing has yet been 
done. I think it is time, in light of the difficulties tnat you get into 
with these communities, that you should start notifying them when an 
application is made. It is easy to make a couple of extra carbon copies 
of your notice to the State and send it to the city and county involved, 
and that would certainly overcome some of the difficulties which we 
have experienced. 

Mr. McConr. What we have been hoping to do, Mr. Hosmer, is to 
handle that problem through direct channels with the States. Prac- 
tically all of the States, or a great many of the States, are becoming 
interested in and are actually setting up coordinators at one Jevel 
or another. 
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Now, the orderly way to handle this is to have the States notify the 
appropriate county and municipal and local authorities. If we get 
into that business, it becomes extremely difficult. 

Take a radiographer, for instance. He may move around in several 
counties, in several communities, with his equipment. We cannot as- 
sume the responsibility of notifying every one of them. 

Representative Hosmer. Well, I do not have in mind that kind of 
a situation, but I do have in mind the atomic waste disposal situation, 
where, as you well know, ignorance of what goes on causes fear, causes 
community trouble, and I think that those are proper situations which 
should be made an exception of in light of the fact that you send these 
notices to the State but they just do not filter down. 

Mr. McConr. Yes; I think in operation of something like waste 
disposal we might do something such as that. Those notices, of course, 
are all published, but it might be that we could direct a copy of the 
published statement to the local authorities. 

Representative Hosmer. I think it would certainly eliminate the 
opportunity for some demagogs to create unwarranted fears in the 
public mind on the basis of these things, if that kind of a procedure 
were used. 

Representative Horirretp. I think that Senator Anderson last year 
suggested that the AEC should do this. I am not quite sure I am in 
accord with that. But I recognize that this would become quite a 
burden for the AEC, and I am wondering if the burden could not be 
shifted to the user by just having one of the requirements of the license 
be that he notify the local political body, whatever it might be—city, 
county—it will probably be a city, borough, county, or something like 
that—that he has applied for this license and that it will be located 
at a certain address. This would not put a burden on the AEC, and it 
seems like to me it would fulfill the requirement. 

Mr. Lowenstetn. It would not be any burden on the AEC, Mr. 
Holifield, but one problem we would have, of course, would be who 
to tell the applicant to notify. 

Representative HoxirreLp. It is pretty well known that in the coun- 
ties it would be the county, and in city areas it would be the city. 

Mr. Lowenstetn. You get into the county, and you have health 
and labor and fire departments and fish and game commissions. They 
will all want to know. You get to the State level and there are similar 
agencies. It does get complicated, because we have looked into it. 

Representative Hosmer. I think every county has a name, and if you 
send something to the county of X, State of Y, it is going to get there. 
Every city has some kind of a mailbox. I do not think that is an 
insurmountable difficulty. 

Representative Horirrenp. It seems like to me that where these 
dangerous materials are used, the first obligation would be to notify 
the local community in which they are used, because that is where the 
danger would be. And I am not suggesting an added burden upon 
the AEC, but that we should put that responsibility upon the local 
user of the material. 

Mr. Totu. I would like to ask Mr. Olson or Mr. Lowenstein, before 
entering into any agreement with the State, are you reviewing the 
AEC licensing procedures, particularly for radioisotopes and source 
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materials, to see that they are up to date before you repeat this pattern 
at the State level ? 

Mr. Otson. Not directly as such, but of course we have been cur- 
rently reviewing our own procedures, and they get re-reviewed when 
we come to write the criteria that we recently disseminated to the 
States. I think you can say in effect that we have; yes. 

Mr. Tort. What happens if you enter into an agreement with the 
State and relinquish authority to regulate certain types of material, 
and then AEC decides to either raise the standards or raise the num- 
ber of inspections that should be made over those types of materials, 
and the State refuses to go along with it? What do you do then? 

Mr. Otson. We have not yet had in mind keeping a string on this 
relinquishment of authority. 

Mr. Tout. You have a statutory string. 

Mr. Otson. Yes; but I do not think we can follow it in that much 
detail, Mr. Toll, or we will not really be relinquishing anything to 
the State. 

I think in a broad sense if we feel that public health and safety is 
jeopardized, we would exercise the statutory authority. But so far 
as making sure that they comply with every change we make, I think 
that would be going further than the statute contemplated. 

Mr. Toit. The most important thing, perhaps, is that before you 
turn over this authority 

Mr. Otson. We must feel completely satisfied. 

Mr. Toit. You look at the standards and the number of inspections, 
and you can feel that they are current. 

Mr. McCone. And then I think that we have a current educational 
program. As we develop new information that causes new or dif- 
ferent precautionary procedures, we have to demonstrate to the States 
that they should follow it. 

Now, this is regularly done with the boiler codes. As you know, 
the boiler codes throughout all States are uniform. They are re- 
vised from time to time. And then the authorities in the States re- 
view them, and they act in concert. It has been a long process. It 
has taken 50 or 75 years to do it. We have been very successful. This 
is the way the problem has to be approached. 

Representative Houirirecp. Thank you, Mr. Chairman, and gentle- 
men. 

Mr. McConer. Thank you. 

Representative Hoxirrerp. The next witness will be Mr. Frank 
Berry, Assistant Secretary of Defense, Health and Medical. 

Mr. Berry. 


STATEMENT OF DR. FRANK B. BERRY, ASSISTANT SECRETARY OF 
DEFENSE (HEALTH AND MEDICAL) 


Dr. Berry. Mr. Chairman, I am Dr. Frank B. Berry, Assistant 
Secretary of Defense for Health and Medical. 

Gentlemen, I am most happy to appear before you today. As you 
may be aware, at the request of former Secretary McElroy, I -rep- 
resented him as the Department of Defense representative on the 
Federal Radiation Council, established by Executive Order 10831 and 
Public Law 86-373. Because of my own lack of intimate knowledge 
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in the field of ionizing radiation, I immediately asked Dr. Shields 
Warren, a well known authority in this field, to act as my consultant, 
and also appointed Col. Carl Tessmer, Medical Corps, U.S. Army, as 
my representative on the working group. Colonel Tessmer has spe- 
cialized in this field for some years. Dr. Warren is Chairman of the 
Commiitee on Pathologic Effects of Atomic Radiation of the National 
Academy of Sciences—National Research Council, and in addition is 
the U.S. representative to the United Nations Scientific Committee 
on the Effects of Atomic Radiation. Dr. Warren was present at 
many of the meetings of the Council with me—and, I might add, re- 
ceived copies of the minutes of all of the meetings—and Colonel Tess- 
mer was always on hand both at the meetings and also in the great 
amount of time he gave with all the members of the working group 
to the problems. 

Radiation protection criteria and standards have been of concern 
to the Department of Defense for many years because of the way in 
which we use radiation and radioactive materials. The Defense posi- 
tion was extremely well stated in chapter 6 of the Joint Committee 
(86th Cong., 2d sess.) entitled “Selected Materials on Radiation Pro- 
tection Criteria and Standards: Their Basis and Use,” under the 
heading of “Statement of the Department of Defense.” I can add 
very little. 

Among the sources of radiation resulting from Department of De- 
fense activities are the following: 

(1) Naval nuclear propulsion, including crew exposure, dis- 
charge of radioactive materials, and repair activity exposures; 

(2) Aircraft nuclear propulsion, including air and ground 
crew exposure, and discharge of material into the atmosphere; 

(3) Research and power reactors, including package type 
where crew and neighborhood exposures must be considered ; 

(4) Radioactive source sets, including storage, training, and 
transportation exposure ; 

(5) Radioactive materials, including exposures by users and 
others, weapon handling and accidental exposure; 

(6) The medical uses of radiation, both diagnostic and thera- 
peutic, the hazards incident thereto. 

In all these activities detailed regulations have been necessary to 
insure the safety of the working personnel as well as the safety of the 
civilian population generally. A supplementary list of the regula- 
tions not previously submitted has been forwarded to the committee 
with the covering letter to the preprint. 

These regulations are all based on the standards contained in the 
National Bureau of Standards handbooks which are based on the 
National Committee for Radiation Protection recommendations and 
the Code of Federal Regulations, title 10, part 20, “Standards for Pro- 
tection Against Radiation.” Every effort has been made in writing 
these regulations to conform both to the spirit and the letter of the 
National Committee for Radiation Protection standards. 

In the practical application of Department of Defense regulations 
radiation exposure has been kept to a minimum and our records show 
that our personnel have had exposures well below maximum permis- 
sible limits set by the National Committee for Radiation Protection. 
Where accidents or occasional overexposures have occurred, the in- 
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cidents have been investigated and measures taken to prevent recur- 
rence, 

I am familiar with the statement of the Joint Committee print and 
also with the Committee for Radiation Protection recommendations 
and the Code of Federal Regulations, title 10, parts 20 and 30. Iam 
also familiar with the 1960 reports from the National Academy of 
Sciences, National Research Council, entitled, “The Biological Ef- 
fects of Atomic Radiation, Report to the Public” and the “Biological 
Effects of Atomic Radiation Summary Reports.” 

I am in complete agreement with the report and with a memoran- 
dum for the President from the Federal Radiation Council and ap- 
proved by him on May 13, 1960. 

As one who has long been interested in the problems of radiation 
hazards, both from a diagnostic and therapeutic standard, as a prac- 
ticing physician and surgeon, I have welcomed the term “Radiation 
Protection Guides” recommended in this report. 

I have just returned from the annual Assembly of the World Health 
Organization in Geneva. The permanent Secretariat furnished us 
with a complete report on the problem of ionizing radiation very 
similar to the initial report of the Federal Radiation Council and 
portions of the Department of Defense statement in chapter 6 of the 
Joint Committee (86th Cong., 2d sess.). There was full discussion by 
the Committee on Program of this report and the whole problem ; this 
occurred immediately after my departure. 

The Department of Defense will continue to be guided by and base 
its regulations on the National Committee for Radiation Protection 
recommendations and standards, and on such guidance as develops 
from the Federal Radiation Council in order to protect the health 
and promote the safety of its personnel and the civilian population of 
the country. 

May I add that at the two meetings at which I was not present at 
the meeting of the Council, my deputy, Dr. Edward H. Cushing, was 
there, together with Colonel Tessmer. 

Representative Honirtetp. Thank you, sir. 

Mr. Hosmer? 

Representative Hosmer. I have no questions. 

Representative Hotirretp. Mr. Ramey ? 

Mr. Ramey. What is the status of the report that the Joint Com- 
mittee requested of the Department of Defense on the problem of © 
DOD and AEC hazards matters and who was going to be responsible 
for approving the standards ? 

Dr. Berry. We have worked with the AEC very closely, and I have 
been in frequent informal communication with Dr. Dunham. We 
also have our own group, the Defense Atomic Support Agency, which 
is in immediate contact with that problem. The Strategic Air Force 
and their daily programs have to handle this program and have al- 
ready good investigation teams where any accident may have occurred, 
and the reports are very promptly made. 

Mr. Ramey. I am referring to a specific report that the commit- 
tee requested shortly after the end of the last session, where it was 
proposed, as you may recall, that the language of the Atomic Energy 
Act would be clarified as to the relative roles of AEC and the Defense 
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Department with respect to the establishment or approval of standards 
governing safety in the handling of radioactive materials. 

Dr. Berry. Yes, sir. The adviser to the Secretary of Defense is 
General Loper, who is a liaison with the Atomic Energy Commission, 
and during peacetime the standards as prescribed by them and by the 
Atomic Energy Commission and the NCRP are followed. I think 
there are times, naturally, when those would have to be altered. 

Mr. Ramey. I think more specifically the question arose last year 
of Admiral Rickover, wearing his AEC hat, bringing up the problem 
of whether the Commission under the law was responsible for ap- 
proving Department. of Defense standards applying to the handling 
of radioactive materials, more specifically to naval reactors. And I 
think a number of members of the committee concurred in that view. 
And then suddenly the Commission brought up the matter of possi- 
ble legislation that might clarify this situation. And rather than 
deal with it in this last session, the committee requested the Depart- 
ment of Defense and AEC to submit a report on how they were 
operating and what the problems were and suggesting legislative 
language. Now that we are approaching the end of this session we 
are wondering when that report will be forthcoming. 

Dr. Berry. No, sir. I do not know the details of that. I would 
have to find out from General Loper, the atomic liaison member of 
the Department of Defense. 

Representative Hoxirretp. Will you find that out, please, Mr. Sec- 
retary, and give us a communication in regard to it ? 

Dr. Berry. Yes, sir.* 

Mr. Ramey. One other question that we have raised, I believe, with 
a number of our witnesses, concerns the role of the Federal Radiation 
Council. Do you think it is a proper role for them to consider each 
new use of radiation by the Defense Department during peacetime 
that might significantly increase general population dosage? 

Dr. Berry. Yes, I think it is, sir. . 
As you know, there are certain areas throughout the world where 
there is a fairly high degree of radiation. This is important to hu- 
manity asa whole. It is not only important from the genetics stand- 
point, but also important from the immediate pathogenic standpoint 
and the long-term pathogenic standpoint. I think it is always im- 

portant to consider this problem. 

And much along the lines of the testimony of Chairman McCone, 
I think that is a problem not only for the regulating agencies, but 
for the Federal Radiation Council in its advisory capacity. 

Representative Hotirtetp. Any other questions? 

Thank you, Mr. Secretary, for your appearance. 

The Chair will announce that Secretary Flemming was detained 
before the Ways and Means Committee this morning and was un- 
able to appear as he was listed. An attempt is being made to fit him 
into the fist of witnesses either later on today or in the morning. 

We will stand adjourned until 2 o’clock. 

(Whereupon, at 12:06 p.m., the subcommittee was adjourned, to 
reconvene at 2 p.m., the same day.) 


*A partial reply was received from the Department of Defense in August 1960. 
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AFTERNOON SESSION 


Representative Horirretp. The committee will be in order. 

We will continue our hearings this afternoon, and our first item 
will be a roundtable on topic LV, “Administrative and Legislative 
Relationships and Problems.” 

Our members will be Dr. Selove, Mr. Parker, Dr. Williams, Mr. 
Oliver Townsend, Prof. David Cavers, and Mr. Charles Schwan. 

Mr. Townsend is from the New York State Office of Atomic Energy. 
Prof. David Cavers was until recently the associate dean, Harvard 
University Law School, and Mr. Charles Schwan is with the Coun- 
cil of State Governments. 

Gentlemen, will you please come forward ? 


Mr. Parker, I have requested you to make a statement to set the 
stage for the discussion, if you will proceed. 


ROUNDTABLE DISCUSSION ON ADMINISTRATIVE AND LEGISLA- 
TIVE RELATIONSHIPS AND PROBLEMS. PARTICIPANTS: DR. 
WALTER SELOVE,: DEPARTMENT OF PHYSICS, UNIVERSITY OF 
PENNSYLVANIA; H. M. PARKER,’ MANAGER, HANFORD LABO- 
RATORIES OPERATION, GENERAL ELECTRIC CO.; DR. CHARLES R. 
WILLIAMS,’ ASSISTANT VICE PRESIDENT, LIBERTY MUTUAL 
INSURANCE CO.; MR. OLIVER TOWNSEND,? DIRECTOR, NEW 
YORK STATE OFFICE OF ATOMIC DEVELOPMENT; PROF. DAVID 
CAVERS,* ASSOCIATE DEAN, HARVARD UNIVERSITY; MR. 


CHARLES SCHWAN,' COUNCIL OF STATE GOVERNMENTS; DR. 
DONALD E. CHADWICK,’ SECRETARY, FEDERAL RADIATION 
COUNCIL, ACCOMPANIED BY DR. ALLEN ASTIN, DIRECTOR, NA- 
TIONAL BUREAU OF STANDARDS 


Mr. Parker. Thank you very much, Mr. Holifield. 

You were kind enough to invite me to try to set the stage for these 
hearings, from the floor, earlier. I appreciate this opportunity to 
spend a few minutes trying to relate back my personal impressions of 
the salient points of the hearings to that attempted introduction. 

Of course, when the material was prepared for the introduction, I 
had not anticipated that there cia be material from the Federal 


Radiation Council. By contrast, that material has relatively domi- 
nated the hearings. 


1 Biographies appear at beginning of their testimony. 

2 Director, Office of Atomic Development, State of New York, Albany, N.Y., 1959 to 
prams. Secretary and assistant executive manager, Atomic Industrial Forum, Inc., New 

ork, N.Y., 1953 to 1959. Assistant to the Chairman, U.S. Atomic Energy Commission, 
Washington, D.C., 1951 to 1953. Division of Information Services, U.S. Atomic Energy 
Commission, Washington, D.C., 1948 to 1950. .A. degree political science, Ohio Wes- 
io University, 1939. M.A. degree in public administration, University of Cincinnati, 

3 David F. Cavers, 58, Fessenden professor of law; associate dean, Harvard Law School, 
1951-58. Formal training: B.S. in economics, University of Pennsylvania, 1923; L.L.B., 
Harvard University, 1926. Professional career and academic positions: 1926-29, asso- 
ciated with New York City law firm; 1929-30, instructor, Harvard Law School; 1930—31, 
assistant professor, West Virginia University College of law; 1931-32, assistant professor, 
Duke University School of Law; 1932-45, professor, Duke University School of Law; 
1933-48, editor, “Law and Contemporary Problems’; 1936—37, (fall semester) visitin 
professor, Yale aera School of Law; 1940-41, Mh rmapy | pees. University o 
Chicago School of Law. U.S. Office of Price Administration ; 1943-45, Assistant General 
Counsel for Price; 1945-46, Associate General Counsel for Price; 1946—- —, professor of 
law, Harvard Law School ; 1951-58, associate dean, Harvard Law School ; 1958—59, fellow, 


Center for Advanced Study in the Behavioral Sciences. Member of the New York and 
Massachusetts bars. 
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The matter of pruning the branch of the tree that you referred to, 
Mr. Holifield, the branch that duplicates the scientific effort of NCRP 
and the National Academy of Sciences, has been quite clearly expressed. 

The matter of grafting on branches for social scientists, labor, in- 
dustry, economists, and so on, does not seem, perhaps, from my point 
of view, to structure a very shapely tree. 

You will recall, Mr. Holifield, that in California there are some fruit 
trees deliberately dwarfed by interposing two different growth limit- 
ing root stocks between the vigorous roots and the crown. The quality 
of the fruit of these trees may be fine, but the yield is low. 

I do not know whether one can picture the scientists as the vigorous 
roots and the Federal Radiation Council as the crown, but possibly 
there is some connection here. 

There seems to be a nearly universal demand for the NCRP to con- 
tinue, as was described from the floor, as an independent body. I 
would say, sir, that it cannot do that, because it is not an independent 
body now. The very creation of the Federal Radiation Council ap- 
pears to cause a conflict of interest reaction that just has to be resolved. 

The NCRP has to become in fact an independent body, perhaps by 
incorporation, but clearly recognized by all as the NCRP, not some 
new body that has passed out of its previous existence. 

And furthermore, most importantly, it must have full access to all 
the scientific talent of the Nation, regardless of the organizational 
affiliation of the scientists. 

I would interject, here, Mr. Holifield, that to conserve your time, 
which you have been so gracious in making available to us, I am pro- 
ceeding in note form. 

The questioning of the posture in medical radiation exposure yes- 
terday, while unexpected, was most timely. I am sure that a valuable 
response from the medical profession will be forthcoming from what 
happened there. 

A recounting of the basic biological factors in these hearings to 
me was most disappointing. Perhaps this was because the witnesses 
felt that there are no new data available, or perhaps the data have 
been recently summarized well enough in NAS reports. 

I would reiterate that the fundamental stumbling block today in 
this whole field of radiation protection is the lack of knowledge of 
the shape of the dose-effect curves near the zero points in the char- 
acteristic curves that we talked about earlier. 

The nice, simple mathematics of genetic theory breaks down if one 
concedes, again, and apparently one has to, dose rate effect in the 
genetic response. 

Surely, I would think the Nation can put together one portfolio 
of programatic research that would give an avenue to an orderly solu- 
tion by successive degrees of validity, statistical validity, if you will, 
for given expenditures by the Nation of manpower, time, and money. 
I feel that this still does not appear collected in one place. 

There are many semantic problems in what has been talked about 
here. Let me mention some. You asked, sir, on the very first day, for 
a simple glossary of terms, such as criteria, standards, and guides. 
This is being prepared, but it cannot be simple, because it seems to 
involve a circular argument. 

The history of the field of radiation protection is in fact one of 
rather perpetual struggle with words. I could introduce for the 
record as an example a 75-page document that addressed itself suc- 
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cinctly, strangely enough, to a similar analysis of terminology for 
“dose.” This was privately circulated through some international 
groups in 1955 to promote an orderly choice of the best terms for dose 
units for the future. 

This, I believe, is the proper approach, rather than to inflict new 
terms of doubtful meaning on a public that has no recourse. 

My later report to you, sir, will have detailed comments as an ex- 
ample on the phrase “radiation protection guide” in this frame of 
reference. 

The language of the Public Health Service, namely, “We do the best 
we can,” is identical with the radiation protectionist’s, except that 
the latter is perhaps naive enough to add, “But chances are there is 
going to be some kind of nebulous, probably nondiscernible, damage in 
the future.” Yet the language of those who profess public health and 
those who profess radiation protection can make the problems in the 
two fields sound diametrically opposite. 

If there are chemical or other mutagens, and one cannot positively 
prove that these mutagens have no threshold in man, you have the 
same conceptual problem for each of these agents as you have today 
for radiation. I believe this is the situation we are in. 

If we are responsive to the risk of any of these mutagens, radiation 
or otherwise, how can we conceivably justify not integrating this into 
a national reconsideration of the overall eugenics picture ? 

I would have liked, Mr. Holifield, to have had time to answer a 
question that I believe was asked by the committee three times : “Where 
does the NCRP ad hoe committee now fit in?” to reiterate what I feel 
is the key position of your committee, sir, in integrating scientific, 
social, economic, and political aspects, to propose perhaps a modus 
operandi for not only what we might call peaceful coexistence of the 
Federal Radiation Council, the NCRP, NAS, and other major con- 
tributing bodies, but for their optimum use of the Nation’s limited 
technical resources. 

You have already been most generous with your time, Mr. Chair- 
man. 

May I close by saying that the forum for free expression of all 
aspects of public opinion in the radiation field provided by your com- 
mittee is indeed a major asset. I would ask only that it become a 
forum to consider radiation from all sources, and not be limited to 
that minor portion that originates from atomic energy. The human 
body, sir, does not recognize a brand name on the radiation that it 
receives, and we must look at the whole radiation picture. 

Thank you, sir. 

Representative Honirrecp. Thank you, sir. 

Now, gentlemen, without getting into some of the points which we 
discussed at some length before, that is, not getting into them too 
deeply, let us try to make our comments refer to the topic, organiza- 
tion, administrative, and legislative relationships, I do not mean to 
preclude any other statements, but if we can keep our comments along 
the line of the topic, it would be helpful. 

We will start with you, Dr, Selove, at the left, and we will work to 
the right. 

Dr. Sevove. Mr. Holifield, I have been impressed with the difficulty 
of this entire subject. I have not had an opportunity, unfortunately, 
to sit through the entire hearings; but there are several points that, 
it seemed to me, might be highlighted at this time, and on which we 
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might ask further questions and perhaps get some further answers 
during this session. 

First of all, with regard to the low level of radiation that these 
hearings have been giving attention to, I should like to say again, as 
I have said before, that I think—it did come out very clearly in all 
of the testimony—there are two sources of this low level radiation 
which should really be treated separately from others, and these two 
are, one, medical, and, for the second, fallout. 

If we put these two aside for the moment, may I just express my own 
feeling that taking the other sources of radiation as a whole, I think 
a body such as the Federal Radiation Council has a broad enough 
base to properly take on the responsibility of recommending, say, “rad- 
iation protection guides,” to use that term, from which individual 
agencies could then establish regulations. 

I believe this is a procedure which, whether the final levels come 
out to be at some number, or at twice that number, nevertheless the 
procedure will work satisfactorily. It will work with things like 
radiation in mines, where, in a sense, one can say a certain risk is goin 
to result from working in a mine, and all that we can reasonably oak 
is that people who are going to work and expose themselves to such 
a risk be informed, to whatever the state of the art permits, what the 
level of risk is, and then that is their individual responsibility whether 
they want to take that risk. 

I think the particular level that is set as a tolerance level could be 
set perfectly well by a body like the FRC. 

The radiation from reactors, where there is a question of possible 
exposure to a rather limited number of people in the vicinity of the 
reactor—again a body like FRC can very properly make recommenda- 
tion as to what the tolerances are. 

It is only when we get into these other areas, medical X-rays and 
fallout, that it becomes exceedingly difficult for a body like the FRC 
to make any kind of useful recommendation at all. All of us can 
try to put the radiation from these other sources, X-rays and fallout, in 
perspective, by comparing the radiation levels with those from in- 
dustrial applications or natural background. 

So far as controlling the same medical X-rays is concerned, well, 
we have all seen the techniques improve very rapidly in the last couple 
of years. It is clearly still useful for some governmental body to con- 
tinue to make very wide surveys of the radiation levels that exist. Be- 
fore many more years have passed, we probably would want to see 
State control by State health agencies of the technical aspects of 
X-ray machines; but the individual decision about whether a medical 
X-ray exposure should be given—this is something on which we 
cannot possibly legislate. 

In the question of fallout, the problems are even more tenuous and 
hard to get hold of. We have heard it said in these hearings that if a 
time comes when the President is going to consider making further 
nuclear weapons tests, which may lend either on our part or on the 
part of other countries to atmospheric radioactivity and fallout, we 
have heard it said that the Federal Radiation Council would advise 
the President on the extent. to which we might consider using up our 
radiation allowance. 
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It seems to me that would be an appropriate decision or advisory 
function for the FRC to earry out, if only the people of this country 
were concerned. But the problem of fallout is that other countries 
are affected, and this problem gets into the area where the Joint Com- 
mittee on Atomic Energy and the Foreign Relations Committees of 
the Senate and House should properly be concerned—decisions are in- 
volved which will have further impact not only in a technical way, 
not only in a biological way, but in all other kinds of areas, 

No body composed of scientists and advisers who try to decide on 
a radiation tolerance level from such things as industrial uses of 
atomic energy—no such body can decide such questions that have 
impact on our foreign relations. 

tepresentative Hoxrirretp. The problem of decision would not 
necessarily be there. The problem of notification and evaluation to 
the President would be more properly, it would seem, the function of 
the Council. Then, where the Congress would come in, if there was 
any desire to interpose in a policy matter of that kind, would be in 
taking the results of that evaluation and notification to pass judgment 
from a policy standpoint. This assumes that the Congress would be 
given these results by the executive branch; that they would not be 
withheld on the basis of executive privilege. 

Dr. Sevove. I think that is exactly right. 

Representative Hotirretp. It would not be a matter of imposition 
of the standards. It would be a matter of notification and considera- 
tion of them. 

Dr. Sevove. Right. I think if that were the procedure followed, it 
would be completely satisfactory. That would put into the hands 
of the Congress the information that some course of action was con- 
templated. It would then properly be the function of the Congress, 
along with the administration, I would think, to weight these factors 
which involve completely nontechnical questions. Absolutely. 

But I think if the impression ever arose or became firmly estab- 
lished that the Federal Radiation Council was an appropriate body 
to advise the President on fallout aspects of tests, then this would be 
an unfortunate thing. I do not think one can expect the Federal 
Radiation Council to be in a position or to have the broad member- 
ship or the broad base to give advice on questions involving relations 
with other countries, essentially. 

Similar questions of considerable difficulty regarding fallout come 
- in other areas. Let me say I think it would be unfortunate if any 
of this discussion left the impression that fallout is a more serious 
radiation problem than other radiation problems. It is not. But it 
is also not a negligible problem, especially, I believe, in terms of the 
relations between the United States and other countries. But we 
must try to keep the whole matter in perspective. 

But I wild: like to mention just one other aspect of the fallout 
problem. In the outline for these hearings the question was posed: 
Why is there such confusion in the interpretation of radiation stand- 
ards, and ‘so on? And I must say that most of the confusion seems 
associated with fallout, even though fallout is a very small part of all 
the radiation received. 
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I believe there are still unanswered questions in the minds of most 
of the public of the following kind: How serious are the so-called 
hot-spot levels that exist in food? Should we worry about trying to 
remove fallout material from food ? 

I would like to see these questions discussed with perhaps some- 
one being able to give an indication as to where the answers to such 
questions should legitimately come from. Is it going to be the Fed- 
eral Radiation Council which considers the levels in food and decides 
they are not urgently calling for action? Or if not the Federal Radi- 
ation Council, what body ? 

I think these are the things we might try to bring out here. I do 
not know what the answer is. 

Mr. Ramey. On your question of hot spots, of course the Joint 
Committee had a long-continuing correspondence with the Atomic 
Energy Commission, trying to get some information on hot spots. 
The information that we got we put into the record of the 1959 fallout 
hearings, including your own comments. And I think it is probably 
the Commission’s view, and I suppose the Federal Radiation Coun- 
cil’s view, that if you do not continue testing, then this becomes a 
moot subject, unless they decide to resume testing. 

Dr. Srvove. I would agree with you. I gather that is the Com- 
mission’s view, and I would personally think it would be a reasonable 
one. 

I think it might be worth while still for some Government agency to 
study the question so that it could come to a position where it could 
say to the public either that fallout material should be removed from 
food, because it is at a high enough level to worry about it, or else it 
should not be removed from food, even though we estimate some del- 
eterious effects might result; and the reason we should not enter into 
the program is because we have other things we can do with our money 
and manpower that will save even more people. 

This would be an appropriate area for study, perhaps, by Public 
Health. 

Representative Hosmer. The other day it was mentioned about the 
radiation from television sets being equal to that of fallout. Do you 
think there should be a study of television sets and something done 
in the shielding of television sets ? 

Dr. Sevove. I think, although I am not in a position to answer as 
to whether television set radiation requires action, it would be useful 
for some Government agency, perhaps the Public Health Service, to 
get to the position, if it is not already there, where it could issue a re- 
port to the public, or supply an answer to questions from the public, 
as to just how serious a hazard does exist from television sets and from 
fallout, and as to whether or not the Government contemplates meas- 
ures to reduce this hazard; and if not, that the only reason the Govern- 
ment would not enter into reducing any hazard would be because it 
would want to concentrate its available manpower and funds on even 
greater hazards. f ; 

That would be an answer I think that would satisfy the public. But 
I think the Government should be in a position to give answers to this 
kind of question. 
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Representative Hosmer. I think it should, too. And if for nothing 
else, to equate the so-called dangers of fallout that we have heard so 
much about. 

Representative Hottrrerp. Dr. Williams? 

Dr. Wuu1aMs. Mr. Holifield, I appreciate the opportunity of being 
back, and I hope I do not repeat myself. I have a few other thoughts 
that I would like to express to you. 

Representative Hotirtetp. Well, if they are good thoughts, they are 
worth repeating. Go ahead. 

Dr. Witu1aMs. I would like to say first, as far as television set radia- 
tion is concerned, that we have made several studies of television sets. 
The power tubes on black and white sets are of the order of magnitude 
of 12,000 volts. Most of the glass shields provide sufficient protection 
so that if one is 8 to 10 feet away one receives practically no radiation 
at all. I suppose if you sit on a set, this is another thing. 

Representative Horirierp. In other words, if you stay 8 or 10 feet 
away, it is almost as harmless as the bullets they fire in those westerns ? 

Dr. Witi1aMs. I guess this is right. 

Representative Hosmer. But what child stays that far away from 
the television ? 

Dr. Wrt1AMs. I guess some do get pretty close. I would say, how- 
ever, that the voltages on color television sets are roughly twice this, so 
there would be more of a problem. Actually the service people have 
more to worry about than the watchers—the people who open up the 
sets and work on them. 

Now to come to the subject at hand, namely, the matter of organ- 
ization and administrative problems. I was very pleased to hear the 
statement made this morning that the Federal Radiation Council 
feel themselves to be a policy organization. As you know, this is 
what I think they ought to be, too. This is why I was pleased. 

I have not been asked, but I am always very happy to supply 
helpful advice to other people. While I may seem presumptuous, 
I would like to suggest there are about four or five areas of operation 
in which I think the Federal Radiation Council could well serve the 
people of this country. 

One thing I think that needs some evaluation is the question of 
areas of influence of various governmental] departments in the radia- 
tion field. There has been considerable talk about what the Pub- 
lic Health Service should be doing, and what the Atomic Energy 
Commission should be doing in the health and safety field. Both of 
them are doing tremendous amounts of work, and I think somebody 
should take a good, long look at who should be doing what. And 
—_ — of no better group to do this than the Federal Radiation 

ouncil. 

I think someone at the Federal level should carry on the kind of 
look that you —_ took last year on Federal-State relations. and 
I think that there can be desirable changes made over the present 
policy. I will talk about the States in a minute. 

It has also been mentioned this morning and again this afternoon 
that certainly the FRC should be able to supply advice to assist those 
in power to make decisions on any new or expanded uses of radia- 
tion. And I think also of extreme importance, this body should cer- 
tainly have a broad enough grasp of the entire radiological health 
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field to know, to point out and vigorously to push areas of basic re- 
search in the field of health and safety. 

I must say that I concur with Dr. Parker in the feeling that if one 
is going to look at careimogenic effect, if one is going to look at 
genetic effects, one must look at all of the things which affect these, 
rather than just following radiation by itself. The Pure Food and 
Drug people are much interested in food additives from this point 
of view. We have heard about many other things, including some of 
the things women are putting on their faces, that may be harm- 
ful. These can be intimately mixed with the radiation problem, and 
I think they should at least be studied together. 

These are some of the broad fields. You will note the things that 
T have felt the Federal Radiation Council should be solving are those 
which have not been susceptible to easy solution. I certainly hope 
that as a policy body they will be able to give the Nation guidance 
in these areas. 

Representative Horirrecp. It might be useful to point out that the 
statute has this language: 

The Council shall advise the President with respect to radiation matters 
directly or indirectly affecting health, including guidance for all Federal agencies 
in the formation of radiation standards and in the establishment and execution 
of programs of cooperation with the States. 

Dr, Witu1aMs. Yes. I am coming to that in a minute. 

Representative Hoxirretp. So they do have a role with the States, 
as you suggested. 

Dr. WituiaMs. This is in the statute. That is correct. I do not be- 
lieve they have moved in this direction as yet. 

Representative HoxirreLp. We have not, of course, heard very much 
of their activities, yet. 

Dr. Wiu1aMs. With regard to that particular phase the recent re- 
lease of FRC was aimed at governmental departments. It would be 
interesting to know what they feel is to be the impact of this on non- 
governmental groups; what value it is to be to the States and munici- 
palities which will have their own problems, and what impact does 
this have on the medical profession, about which we have heard so 
much. As I understand it, the impact is on governmental agencies 
and indirectly from these governmental agencies to the public with 
whom they deal. 

Representative Hoririexp. Certainly it has been pretty well estab- 
lished that the extent of X-ray exposure should be peculiarly a pre- 
rogative of the medical profession. But I think it has been equally 
well established that the training in the use of radiological instru- 
ments and the calibration and inspection of instruments to see that 
they are working properly might very well come in under the juris- 
diction of the State health authorities. 

Dr. Witt1aMs. I think this is right. 

I would like to pursue two other points. 

First, I would like to say again, as I have said before, seconding 
Dr. Parker’s statement: I believe strongly that NCRP must be main- 
tained and must be maintained as an independent body. I could not 
help but have the feeling this morning that I was watching its grave 
being dug. I hope this is not true. 
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The other point I would like to make is with regard to the States. 
There are people at the table who will have much more to say about 
this than I. But I believe that most of the States now have and 
always have had the authority to control radiation exposures in their 
jurisdictions, under their authorization to protect the health and safety 
of the public. I know that those States that have taken action such 
as Massachusetts and New York and Texas and California, have been 
able to move in the past because of this authority. Both the labor and 
health departments of Massachusetts had codes which control the 
radium dial painting problem in Massachusetts during World War II, 
and they did an excellent job of it. 

I might also say they have extremely competent people. I am not 
a subscriber to the theory that all competence in this field rests in the 
Federal Government. There are competent people in the States. 
There are lots more of them needed, just as there are more needed at 
the Federal level. 

You have heard me tell this story before: We do have a need for 
more and more trained people in the radiological health field. 

And so I think that the States must certainly be encouraged. They 
must take the initiative themselves. I do not believe in forcing States 
into doing something they should be doing already. But I believe this 
program should be pushed along just as rapidly as possible so that we 
can bring all of the manpower available to bear on a solution to this 
problem. 

Representative Hotrrrerp. Thank you, Dr. Williams. 

Mr. Schwan, you are representing the Council of State Governments, 
and I am sure you can give us some thoughts. Have you had oppor- 
tunity to listen to the testimony ¢ 

Mr. Scuwan. No, Mr. Chairman, not very much of it. 

And first of all let me say I appreciate very much the opportunity 
to be here and to participate in this program, and secondly, might I 
say that my remarks will be quite brief. Mr. Townsend, on my left, is 
in a much better position to describe things from the State point of 
view than I am. 

I would like to say, however, that our primary concern is with Fed- 
eral-State relations in this field, and how the standards are set and 
maintained. 

Personally, I believe establishment of standards to be—and I think 
this is probably a statement that most State people would subscribe 
to—a problem for Federal leadership. And E thought in the enact- 
ment of last year, establishing a Federal Radiation Council, you had 
established the instrument which would provide that leadership. 

If there is any validity in there being uniformity, and if there is 
and will continue to be a sharing of jurisdiction with respect to regu- 
lation of radiation sources between the two levels of Government, then 
obviously there must be some leadership, and the leadership can come 
much more easily from one Federal establishment than from 50 States 
or 51 jurisdictions. This, it seems to me, is only logical. 

Such being the case, I would hope that the Federal Radiation Coun- 
cil, as time goes on, would assert the policy leadership that it has been 
said it possesses; and that it would work with the States; that it would 
obtain advice and counsel from the States. 
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Establishment of standards is more than the mere setting by some 
statistical method of certain mathematical relationships. It is en- 
forcement. It isinspection. Itiseducation. And in the administra- 
tion of standards, the States, as time goes on, particularly, should ac- 
quire valuable experience which should be made available to the Fed- 
eral Radiation Council. This should be something of a cooperative 
venture, even though the ultimate promulgation might be Federal. 

Such being the case, I should like to see the Radiation Council have, 
not necessarily State membership, but some kind of a relationship with 
the States that are active in this field; and take advantage of what ex- 
perience and advice they can offer. 

Now I would make one more comment, Mr. Chairman. In the state- 
ment of the Radiation Council to the President, there was considerable 
discussion of the desirability of what it was proposing being inter- 
preted as guides, and within which the several Federal agencies would 
adopt and adapt their own regulations. 

I find that as stated, the position appears to be reasonable. But 
then it becomes a little difficult to reconcile that position with the posi- 
tion of the Atomic Energy Commission in its proposed criteria that are 
circulated among the States, wherein it is suggested that the standards 
are those of 10 CFR 20, no more and no less. 

Well, I am not going to argue the point whether this should or 
should not be, but at least it seems to me there is an inconsistency 
here; the Atomic Energy Commission saying, “The States must follow 
our standards,” and the Federal Radiation Council saying that the 
several Federal agencies are free to adapt their own standards within 
a framework. 

Representative Hotirretp. The Federal Radiation Council, of 
course, is an advisory body, and it has the broad sweep of the brush. 
Now when you get down to the AEC, they have the statutory duty of 
promulgating the regulations and of licensing, and the distribution of 
certain of these toxic materials, radioactive materials, and therefore 
they must be more meticulous and more specific and more definite, and, 
of course, they have the power of withholding licenses as the force be- 
hind their enforcement standards. 

Mr. Scuwan. Mr. Holifield, this I cannot dispute. But what I am 
referring to, sir, is the criteria that AEC has put out. I will read the 
title: “Proposed Criteria for Guidance of States and the Agencies in 
the Discontinuance of AEC Regulatory Authority Over Byproduct 
Source and Special Nuclear Materials in Less Than a Critical Mass 
and the Assumption Thereof by States Through Agreement.” 

Now they are not licensing States. 

Representative Hotirreitp. No. But they are delegating, under the 
Jaw, which I believe provides a 5-year interim period, in which Fed- 
eral responsibilities may be assumed by the States upon finding of the 
AEC that they are competent to do so. 

Does that not explain that matter to your satisfaction ? 

Mr. Scuwan. Not quite. But I do not want to make a big point 
of this. I think there is some validity in the States following the 
AEC regulations. On the other hand, I think there is an inconsistency 
in the philosophy of the statement of the Radiation Council and the 
AEC in its criteria. 
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Representative Hosmer. Now just what does that AEC do? Does 
it set up maximum permissible concentrations and one thing and an- 
other like that? Or what is there in it that you are complaining 
about ? 

Mr. Scuwan. Uniformity in radiation standards: 

It is important to strive for uniformity in technical definitions and terminology, 
particularly as related to such things as units in radiation dose. There should 
be uniformity on permissible doses and levels of radiation and concentrations of 
radioactivity. By uniformity is meant no more and no less than those standards 
fixed by part 20 of the AEC regulations. 

Now this is the proposed standard that the State meets if it wishes 
to sign an agreement. 

Representative Hosmer. You just told us it is easier for 1 than 50 
authorities to get together and assume leadership, and 50 authorities 
cannot make standards, because of the inherent definition of the term. 
They can deviate from standards. 

Mr. Scuwan. They perhaps will. 

Representative Hosmer. And I do not think that is inhibited by 
what the agreement would be. But there would have to be some sta- 
bility someplace, and I hardly think you can reasonably complain. 

Mr. Scuwan. I agree there is an inconsistency here. Some agency 
must set standards. 

Well, I am making too much of this point, frankly. 

Representative Horirrevp. I do not think so, I think if it worries 
you, we should discuss it. 

Let us try to divide this problem. Are you dissatisfied with the 
FRC’s ambiguity in their statement? And I am referring to what 
seems ambiguous to me, and that is part 7, where they indicate the 
limits, and then say you can go above it if you give it serious con- 
sideration. 

Mr. Scuwan. Yes. 

Representative Horirrerp. Are you critical of the attempt of the 
AEC to set more specific regulations? Which one are you critical 
of? Or are you just critical of the fact that one attempts to be 
specific ? 

Mr. Scuwan. I think it is more the latter. I would have hoped 
that the FRC had been more specific, had been tightened down. a bit, 
because I agree that uniformity is desirable. I think consistency is 
desirable. I think if the AEC says to the States, “You must follow 
CFR 20,” then I think it is somewhat unusual, let us say, that PHS 
or other Federal agencies may not be so inhibited. 

Representative Horrrrecp. Except that there is a specific statutory 
duty on the part of the AEC in the ownership and distribution of 
this material to follow it and protect the public. Under their basic 
act, they are charged with this, where you HEW comes into that mat- 
ter on a general health protection jurisdiction, rather than a specific 
statutory requirement in the specific field of radioactive material. 

I do not know whether my distinction is a wise one or not. I can 
see where one agency would be a little bit more general in natu 
and that the AEC would of necessity have to be very specific in regar 


to this material, of which it is the sole custodian and the sole dis- 
penser. 
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Mr. Ramey. The conference on Federal-State law made very clear 
that. Congress wanted uniformity to prevail among the States, and 
the Commission was sort of duty bound to put that in their criteria, 
that any agreement they would enter into they would expect them to 
observe. 

Mr. Scuwan. The language of the act, Mr. Ramey, says “adequate 
and compatible.” It does not say “identical.” Congress could have 
said identical. 

Mr. Ramey. The report, I believe, says “similar.” 

Mr. Scuwan. That is even less strict. I think we need some kind 
of uniform consistency, and I think it should apply across the board. 
And I think that is basically my point. And I think I will stop at 
that point. 

Representative Horrrrep. I think your remarks are pertinent. 

Mr. Townsend, glad to have you before us again. 

Mr. TownsenD. Thank you, Mr. Holifield. I appreciate the oppor- 
tunity to be here. 

Representative Horirretp. You have had quite a bit of experience 
in New York in the pioneer work of the State. Maybe you can give 
us some good thoughts. 

Mr. Townsenp. This happens at an awkward time, since we are 
just on the verge of beginning the serious negotiations with the 
Atomic Energy Commission for an agreement. 

Representative Horirtetp. Does this mean that you do not want 
to tip your hand? 

Mr. TownsEnp. It means we may learn some things in the negotia- 
tions that maybe we are not aware of now as we could be. 

But, anyhow, I think this problem of organizing for radiation con- 
trol, at least as it affects somebody looking at it from the point of view 
of the State, turns up in two places; that is, how is the State organized, 
and how is the Nation, of which the State is a part, organized ? 

I have previously reviewed for this committee in other hearings how 
the State is organized. I could summarize it by saying that in New 
York State we do think that we are well enough organized to enter 
into an agreement with the Atomic Energy Commission and take over 
exclusive jurisdiction in the areas from which they propose to with- 
draw under the amendment to the act of last year. 

The State for some time has had radiation codes which are compre- 
hensive, and through one channel and another touch every person and 
every activity within the State having to do with radiation, including 
X-ray and natural sources of radiation, as well as the materials 
covered by the Federal Atomic Energy Act. 

The taking on of the radioisotope field, which is the largest cate- 
gory of new jurisdiction, actually is not particularly large from the 
proportional point of view, compared with the number of X-ray 
sources and radium sources in the State of New York. So we think 
this is handleable. We think it can probably be done pretty much 
with the numbers of people and the technical expertise which is avail- 
able to the State government now. 

Now, in regard to the agreement with the Atomic Energy Com- 
mission, this is an agreement with the Federal Government, but the 
Atomic Energy Commission is the agency that we enter into the agree- 
ment with. It is not the Federal Radiation Council or anybody else: 
it is the Atomic Energy Commission. 
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Now, at the time such an agreement is entered into, there have to be 
certain findings on both sides. The Governor of the State has to 
certify that in his judgment the State is qualified to take on this added 
responsibility, and the Atomic Energy Commission has to make a find- 
ing as to the capability of the State and also as to the compatibility of 
the State’s rules and procedures with regard to those of the Federal 
Government. 

We think that as of now, on the basis of what we know about it, 
such a finding could be made in the case of the State of New York; 
that the codes that are used in New York and the procedures that are 
followed, as far as inspection and so on are concerned, are com- 
patible with those that are followed by the Federal Government—by 
the Atomic Energy Commission. 

So as this point in time we do not foresee that this is going to be a 
particular obstacle to us. 

There is the question of what happens in the future. I think -most 
people who are connected with this kind of a problem support the 
principle or the idea of uniformity. I think there probably is a legal 
question, a constitutional question, as to how tightly States could tie 
themselves down in a contract with the Federal Govertenend to follow 
their rules in regard to this. 

We think it is probably possible to get at this through the obvious 
need for reciprocity as between the ‘Federal Government and the 
States, and the provision in the amendment last year which provides 
for Federal re-entry in the case of jeopardy to the public health and 
safety. This is an important provision and, I think, certainly works 
in the direction of uniformity. 

Now, supposing that we can contract rather firmly to be uniform 
with the Federal Government: We have no problem with the stand- 
ards that are to be followed being set at the Federal level, at the 
national level. We do think, however, that it would be good to try 
to find some kind of a device or mechanism or formula through which 
the voice of the States, who will be exercising exclusive jurisdiction in 
certain radiation areas, could be heard in these councils at the Federal 
level that are setting these standards. 

Representative Horirietp. Now, on that point, does this mean that 
you feel that it would be beneficial to have someone representing the 
State governments; for instance, sitting on the Radiation Council? 

Mr. Townsenp. I think this would be desirable; yes. 

Representative Hoxirrmip. We have made provision, as you know, 
in the statute, that such a representative could be appointed by the 
President. But assuming that this will not be done—and we have that 
right, because it has not been done—do you feel that a representative 
of the State governments at the working group level would adequately 
compensate for lack of membership on the top level? 

Mr. Townsenp. By “the working group level,’ do you mean the 
staff, the Federal Radiation Council— 

Representative Hottrreitp. Well, I was thinking more of the type 
of working group represented by the temporary staff set up to study 
the mine problem. 

_ That is a specific problem, and I can see where membership on spe- 
cific problems might work out all right, but you would still be lacking 
in having someone at the top level to know the overall picture. 
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Mr. Townsenp. At this point it seems to us to be desirable to strive 
to have somebody representing the State point of view at the highest 
level. I concede we have not gone into this very much. 

Representative Hotirretp. Could I ask you, Mr. Schwan, if you 
fee] the same way about this? 

Mr. Scuwan. I have no real views relative to organization. I do 
feel very strongly with Mr. Townsend that the States should be rep- 
resented; that what they know, what they learn, should be reflected. 

Representative Hotirreip. Would it be within your capacity, speak- 
ing now of the Council of State Governments, to agree upon a propo- 
sition of this type and select, either by election or some other type of 
selection, a professionally competent person who would represent 
you and your political subdivision ? 

r. ScHwan. That isa tough question. Ido not think this has ever 
been put before us, and I do not know what the answer is, Mr. Holi- 
field. We would be happy to participate in the selection or nomina- 
tion of someone, if it were membership on the Federal Radiation 
Council. 

Representative Horirreip. Well, if you feel that this is important, 
it might be a matter for consideration in the next meeting of your 
Council of State Governments. I am not suggesting one way or an- 
other on it. : 

Representative Hosmer. Mr. Townsend made it clear that he is 
not dealing with the Federal Radiation Council. He is dealing with 
the Atomic Energy Commission. It is the Atomic Energy Commis- 
sion that makes these part 20 regulations. And they only indirectly 
reflect the Radiation Council’s deliberations. 

I think what he may mean—and I wish he would comment on it— 
is representation at that point rather than over on the other side of 
the barrier. 

Mr. Townsenb. This was going to be my next point. 

Representative Hoxirterp. I thought 1 understood you to say as 
your first point, and that is why I stopped you: Representation on 
the FRC. 

Mr. Townsenv. What we are in now, I think it is fair to say, is a 
fairly fluid situation at the Federal level. 

Representative Hosmer. Supposing they take the representative 
on the FRC from Nevada. That does not help New York any more 
than if they had nobody on there, perhaps; because Nevada is inter- 
ested mainly in digging uranium, and they are interested in other 
kinds of things. So I do not think you have developed a penacea by 
any means. 


{r. TownsEnp. I do not want to try to suggest a formula for getting 
at State representation. 


Representative Hosmer. Well, you did. That is why I pursued 
this line of inquiry. 

Mr. TownseEnD. But let us say that it would be the Federal Radia- 
tion Council. The formula for producing the member of the Council 
who would represent the State point of view would certainly involve 
all of the States. Maybe the Governors’ conference is the kind of way 
to get at it. I just would hesitate to have any suggestion on that now. 

The thing we are fairly convinced of is that it would be desirable, 
if we can find a mechanism, to have the States’ voice heard at the Fed- 
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eral level wherever these standards are set that presumably the Fed- 
eral regulatory agencies and the State regulatory agencies would agree 
to follow. This is my point. 

Representative Horirtexp. I think this was the thinking of the com- 
mittee when we wrote the language into the statute. While we did 
not make it mandatory, we certainly left it up to the President to 
exercise his discretion on this matter. 

It seemed reasonable to us that, the States being the implementing 
bodies for liquidating, publishing, and enforcing regulations, it was 
only reasonable that they should have at least overall cognizance of 
the problems, and if such a representative was selected by the States, 
it would be on the basis that your other representatives of the State 
government operate here in the capital. They do not speak specifically 
for one State, but they speak in those areas where there is agreement 
among the States. 

Representative Hosmer. Mr. Chairman, may I pursue this one step 
further? 

Up in your State, as I understand it, you have a New York City 
Health Department that in turn assumes a lot of these duties in the 
area of its jurisdiction. And the State does it for the rest. Now, 
should not the New York City Health Department and other health 
departments in the country doing these things also be represented at 
the Federal level ? 

Mr. Townsenp. I think when I say State, I mean to include the 
political subdivisions of States as well, and in our case certainly the 
opinions, thoughts, views, and voice of the city of New York is taken 
into account in the development of an overall State attitude toward a 
question or a procedure that is followed. 

And that is what is happening in the case of our proposed agree- 
ment with the Atomic Energy Commission. 

Representative Hosmer. “Phat might be well, but the New York 
State Public Health Department is probably at least 10 times the size 
of some State health departments in this country, if not more. 

I just cannot see a line to stop at, although I accept your explana- 
tion that up in New York you do get together on these things and have 
one spokesman. 

Representative Hortrretp. Proceed to your next point. 

Mr. Townsenp. The only other peiat I wanted to mention here is 
the question that involves the future. There are national standards 
or rules set at the national level. Which agency should the States 
follow? This is a little bit of a problem. An illustration of it is 
that at the moment the AEC regulations are somewhat behind the 
recommendations of the NCRP. The New York City health code, 
for example, incorporates by reference the NCRP standards. In 
essence it says: “We will follow the NCRP standards.” 

So there is a question here, and how we can work that out I do not 
know yet, but I do not think it is an insurmountable problem. I think 
ideally it would be good if the AEC and the States both agreed to 
follow whichever agency the Federal Government says is the national 
organ for setting these kinds of standards. 

Representative Horirrerp. Mr. Ramey. 

Mr. Ramey. I would like to ask Mr. Tompunad and Mr. Schwan if 
they think the States could stand a little help on their travel expenses 
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while they are getting organized into assuming their responsibilities. 

Mr. Scuwan. That would be in conflict with the Bureau of the 
Budget. 

Mr. Ramey. Does the Bureau of the Budget have a rule on this? 

Mr. Scuway. I do not know, but if it does not, I am sure they will 
write one right away. I think generally speaking the States ought 
to be able to handle their own expenses. Ton mean travel expenses 
for persons, say, taking trains to Federal installations? 

Mr. Ramey. Yes. 

Mr. Scuwan. I think the States ought to be able to handle that sort 
of thing. I do not know that there ought to be an absolute prohibi- 
tion at the Federal level relative to helping them out, but I think that 
by and large they ought to be able to handle it. 

You can in New York, I am sure. 

Mr. Ramey. Does New York have any problem in that regard ? 

Mr. Townsenp. Well, I think first of all I should say that the State 
of New York proposed to the Atomic Energy Commission some time 
ago, as the first step leading toward an agreement a so-called indoc- 
trination period for the people within the State who would be most 
directly concerned with eae ing the authority that will be taken 
over by the agreement. And we proposed that during this indoc- 
trination period it would be equitable all around if the State paid the 
salaries of these people while they were undergoing the indoctrina- 
tion, and that the Federal Government did defray their travel and 
subsistence costs while they were with the Federal Government. And 
we had several reasons for proposing that. 

One is that there is a tradition of Federal help to States in the area 
of health and safety, having to do particularly with training, and 
having to do particularly with the furnishing of equipment. And we 
thought that this would fit in with that. 

We also thought that at least during an interim period, when some 
States were entering into agreements and others were not, it would be 
more equitable if the States who were taking this on—presumably 
thereby permitting the Federal Government to reduce its own expendi- 
tures in this area—if at least during the interim period this added 
burden to the States was recognized and taken into account when the 
eee Government provided health and safety assistance to the 

tates. 

One other reason we proposed it is because it is covered in a provision 
of the Federal-State cooperation amendment that was passed last 

ear. 

I do think it is important to keep this question in perspective. It 
is not a large amount of money, and there are rather important aspects 
to entering into an agreement between a State and the Federal Gov- 
ernment which transcend this sort of thing. And I think it is impor- 
tant not to make a big issue of it. 

Representative Horrrreip. Any questions ? 

Mr. Parker. 

Mr. Parker. Mr. Holifield, as a citizen of this Nation, I am just a 
little boy of 14, and I feel I have a better feeling for what is needed 
than to make any suggestions as to proper legislative or administra- 
tive process. Let me rather, then, connect up with a few of the state- 
ments of the gentlemen around the table. 
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I think Dr. Selove admirably expressed the key situation with re- 
spect to the rather difficult medical control aspect of this situation, 
with the problem of necessary freedom for the medical profession. 

I will say little about Dr. Williams’ work, because he knows I have 
admired it so long that we not only see eye to eye, but we see eye to 
eye stereoscopically. 

With regard to standards, I think Mr. Schwan made a very worth- 
while opening statement on why you cannot put this in one sentence; 
that really standards are a whole manner of living, a code of conduct, 
and not any one set of code numbers in any code. 

If we go back to the introductory matter that we had, we tried to 
separate standards into two kinds, those on the moral and ethical basis, 
such as the Hippocratic oath. In this hearing everyone has the same 
posture that has always been written into the handbooks: “Radiation 
protection shall be held to the lowest practicable level. This is the 
simple moral and ethical” —— 

Representative HotirreLp. Radiation exposure you mean; not pro- 
tection. 

Mr. Parker. Yes; that is right. 

Representative Hoxirreip. I was wondering if you were reversing 
your position. 

Mr. Parker. It is a little late to be doing that. Thank you very 
much for the correction. 

Next we talked about action facilitators, and this is where we get 
both numbers and verbal statements. And this is in the administrative 
area, where, again, it is easier to see what you would like to have as 
an end result than to know the best way to achieve it. 

Let me reverse my backfield completely, if I may, intentionally this 
time, sir, and say that there is one area where I think we should un- 
administer, as it were. I do believe that the matter that has been 
raised by a number of people, the question of scientists being free to 
work with such bodies as the NCRP, without any question of whether 
they were or were not Government employees, but only because they 
are the best scientists on which that organization can lay its hands, 
is a most important thing. And ways must be found, certainly, to 
make it possible for this to be done. 

Representative Horirretp. Certainly the sense of integrity that any 
reputable scientist has would, in my opinion, serve as the cloak of 
protection from any conflict of opinion. I can hardly believe that a 
reputable scientist would modify his views just because he happened 
to be paid by the Government, let us say, in one instance working for 
the Bureau of Standards, and in the other because he was working 
in the NCRP or the ICRP. 

Certainly the experiences and the testimony of scientists before our 
committee have indicated this. We have never had the feeling that 
any scientist was deliberately shading his remarks because of his 
affiliation either with the Government or with some private group. 

I agree with you that there should be complete freedom, and I see 
no reason why this should be a matter of great concern. 

Mr. Parker. I am sure of this. I appreciate your comments, Mr. 
Holifield. 

Representative Horirrevp. I say it not as in the nature of an idle 
comment, but I have found out in these panel discussions where we 





488 RADIATION PROTECTION 


have scientists of different philosophical views sitting around the 
table, and almost without exception they do agree on scientific facts, 
and they draw the line between what is fact and what is theory. And 
this has been very encouraging to most of us, I think. 

Dean Cavers. 

Professor Cavers. Chairman Holifield and gentlemen, I have been 
observing the hearings from the standpoint of one interested in the 
problems of regulatory law, and I confess that I have been somewhat 
surprised by the emergence during the hearings of the concept of the 
radiation protection guide as the ‘basic one to govern not merely the 
governmental efforts for uniformity, but also to be a concept for 
employment by the regulatory agencies. 

This seems to me to follow from the recommendation No. 2 in the 
memorandum on page 5, where it is recommended that the term 
“Radiation Protection Guide” be adopted for Federal use. I take it 
that that means use in the agencies which have operating enforce- 
ment standards to issue, as well as in their own thinking, working out 
standards among themselves. 

Mr. Ramey. That would include part 20? 

Professor Cavers. It would seem to me also in that sense to embrace 
part 20, which is the major source of Federal regulations of individual 
behavior. 

Representative Hottrretp. Are you in a sense challenging the use 
of the term “Radiation Protection Guide,” or challenging the fact that 
it may be used as a basis for studying more specific regulations? 

Professor Cavers. I do not really feel I am challenging it in either 
sense, but rather wishing to point to a problem that it seems to me this 
emphasis on radiation protection guide is presenting to regulatory 
agencies. If I understand the concept—I am not entirely sure that 
I do—the writing of a regulation on the theory of maximum permis- 
sible dose is different from writing a regulation on the theory of radia- 
tion protection guide. Part 20 is written on the maximum permissible 
dose concept. I am not sure whether, if the AEC were to hearken to 
the recommendation of memorandum 1, it should not now begin to 
reexamine its concepts for part 20. 

This is, it seems to me, important not merely in the light of the 
recommendation in the memorandum, but also in the testimony which 
has emanated from a number of the witnesses here who seem in the 
first place to think it much better that you use the concept of radiation 
protection guide, and also to raise questions as to the validity of the 
maximum permissible dose concept. 

Representative Hortrretp. Does that not stem from the fact that 
at this stage of learning, it is necessary to use a term or a bracket from 
zero up to a maximum; and then the agency involved sets its part 20 
regulation, let us say, somewhere within the minimum and the maxi- 
mum, according to their own background of practice, hazard, expe- 
rience, and so forth ? 

Professor Cavers. In other words, that an agency with operating 
responsibilities might take guidance from a recommendation such as 
is contained in the memorandum and, in the light of it, set up a maxi- 
mum permissible dose which would be in line with the recommenda- 
tions? 
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Representative Horirtetp. Which would be specific and within the 
bracket, as I conceive the meaning of the radiation protection guide, 
but yet it would have to be specific because it would be concerned with 
specific amounts, where the guide itself would be general in nature 
and apply to the whole field. 

Professor Cavers. I believe that is one way of looking at it. I 
am not sure, however, that a number of the witnesses we have heard 
would agree. 

Let me take the testimony of Mr. Holaday, for example, which seems 
to be representative of several that we heard. He said: 

There are unfortunately many misconceptions of these values and misuses of 
tables, whether they come from one source or another. Both of these groups 
emphasize that the numbers represent recommendations which should be used 
as guidelines, that they should not be embodied in legal codes or regulations. 
In other words, the concept appears to be that you should have what I 
would term a broad qualitative standard, some rule of reason. This 
would be the standard which would be issued to govern the behavior 
of people subject to regulation. Aiding them in ascertaining where 
they should draw the line themselves, and aiding the enforcement 
people in where they are to crack down if they find disregard of the 
standard, will be these guides. They will be in specific numbers. 

But this seems to me to present a rather different picture from a 
regulation drawn on the theory of part 20, where you have, as the 
rule to follow, the figure, and procedures for adjustment in the light 
of that, but where you do not have any broad qualitative standard. 
Hence, it seems to me, you have to stand or fall on the numerical rule. 

I recall Dr. Western’s testimony that in practice, AEC was not pro- 
ceeding in a literal sense to look for minute deviations from these 
standards; that they were apparently using a sort of rule of reason. 
This, however, suggests something of a question as to whether, if 
the rule of reason is actually the one to be followed, that should not 
be the rule in the regulation rather than the figures. 

I note that some of the figures used in the more general provision in 
part 20 as proposed, are actually more drastic than the recommended 
guides by a fairly considerable amount. These more general figures 
are subject to adjustment by individual applications, but at this stage 
would represent a rather drastic rule. : 

Representative Horirretp. You mean they are more drastic because 
they do not take advantage of the maximum exposures provided for in 
the memorandum. From the standpoint of the ‘dlamaent of the 
AEC—and I am not trying to defend the AEC, but to reason this 
out—they may be perfectly reasonable, and therefore not drastic. 

Professor Cavers. I think perhaps that adjective was not a wholly 
apt one. They are, let us say, materially lower than the allowances 
indicated by the memorandum itself. 

The concept of the qualitative standard aided by guides looks to the 
utilization of expert staffing, the exercise of discretion by people in 
the field when they find deviations from the guides, and reaching a 
judgment of a qualitiative nature which in most instances will not 

challenged, and therefore you do not have the problem of whether 
it can be made to stick in the court. 

This, however, it seems to me, presents a problem for the States. 
As you have a shift over from the Federal to the State systems, one 
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questions whether there will be the staffing available to get the kind 
of judgment which is presupposed here: namely, that there will be 
an expert evaluation in the light of the particular circumstances. 

Representative Hoxtrimxip. From that point, it is up to the AEC to 
express their judgment as to the efficiency of the State personnel, their 
degree of compatibility with the standards set up by the AEC, or there 
is no transfer of authority. 

Professor Cavers. It is conceivable, I should suppose, that staff 
capacity might be adequate to the administration of standards of a 
more literal sort on the maximum-permissible-dose theory, and yet 
not up to the making of qualitative judgments, the nature of the other 
approach to regulation. I am not sufficiently expert in the field to 
have a judgment as to which of these two-approaches is the preferable 
one. In terms of compliance, it may be easier for those subject to the 
regulations to have fairly definite lines to follow. It may be that 
those lines can be provided to indicate areas of compliance, even 
though there is a margin above them for reasonable variation. 

But I do think it is something of a problem, and it seems to me that 
the Federal Radiation Council has to take into account, in making 
formulations of guides for the operating agencies, to a somewhat 
greater degree than appears here, the fact that the operating agencies 
have a very tough job, and that the States will have a very tough job 
in translating any set of standards into rules governing ‘compliance 
in fashions that will neither set back the art nor expose those human 
beings who are exposed to radiation to undue hazards. 

I think this problem of the compatibility of the Radiation Protec- 
tion Guide with the maximum-permissible-dose theory is one that 
needs study and will undoubtedly be worked out as this transition 
proceeds. At the present time, it seems to me the AEC might properly 
look again at part 20 as it is now formulated in the light of this set 
of recommendations, to see whether it would be wise to move from 
it to a qualitative basis, using the figures as guides for action rather 
than as rules which are to be departed from only at the hazard of 
license suspension or criminal proceeding. 

Representative Hoxrrrecp. Certainly part 7 in the memorandum 
does give that latitude, if the agency wants to use it. This is not 
mandatory, and the danger that you point out could occur if an 
arbitrary decision was made on the part of the agency. 

Professor Cavers. Recommendation 7 seems to be “Think twice.” 

Mr. Ramey. “Show cause”? 

In your review of the other materials in the guide and the back- 
ground statement, did you find any discussion of or an explanation of 
this use of this guide concept? In other words, if this is a rather 
significant change from the way regulatory practice is supposed to 
be in the radiation field, in a certain sense they may have been a little 
obscure about how they are going about it. 

Professor Cavers. Unfortunately from the standpoint of my ability 
to answer your question, I have not had access to the Sanaa 
paper. I do not know that. I would think that the use of guides, 
the numbers as guides, using a qualitative standard, is not without 
precedent. I believe in some of the State regulations, and in the 
NCRP recommendation itself, they would like to see that done, and 
perhaps have been actually doing it. 
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Representative Hoxrtrretp. I believe it would be in order at this 
time to ask Doctor Chadwick and Doctor Astin to come forward 
and respond to this comment, in order that we might have it in the 
record at this point. 

Doctor Chadwick. 

You heard Dean Cavers, did you not? 

Dr. Cuapwick. Yes; I did, Mr. Holifield. 

In response to this general question, I would like to make a distine- 
tion here between the, let us say, scientific-philosophical aspect of this 
definition versus the strict regulatory one. 

As far as the strict regulatory and the legal interpretation of this, 
I am afraid I personally would have to defer to someone with a legal 
background to be able to interpret that. But in terms of the scientific- 
philosophical aspect of the thing, I would like to try to clarify it. 

Here I would like to refer to the comments that you made just a 
few moments ago when this subject first came up. The use of this 
term “Radiation Protection Guide” was an attempt to bring the radia- 
tion protection programs and the radiation protection terminology 
into better conformity with our current hypothesis of radiation effects, 
and particularly the dose effect relationship. In other words, we were 
trying to make it clear that any particular numerical value that one 
adopts as a radiation protection guide—and I will use that term rather 
than the other—does in fact represent a balance between risk and gain 
and does not represent an absolute cutoff point below which one is 100 
percent safe and above which one is 100 percent unsafe. 

I do not think, and I gathered that it was not the feeling of the 
legal people in the Atomic Energy Commission, that these values 
could not be applied in regulatory programs. In other words, this 
naturally represented a matter in which the Atomic Energy Commis- 
sion regulatory people had an active part, and it was certainly my 
understanding that they felt the application of such values to regu- 
latory programs would not be difficult, that it would not represent any 
particular problem. 

But as to the specific legal interpretation of this question, I am 
afraid I personally would have to defer on it. 

Representative Hoxirretp. That makes Dean Cavers’ remarks par- 
ticularly appropriate, because he, I guess, is the only lawyer on the 
panel at this time. 

Mr. Ramey. Dean Cavers referred to this No. 2, the President’s 
item 2, that the President has approved and has used as a directive to 
Federal agencies. It says: “It is recommended that the term ‘Radia- 
tion Protection Guide’ be adopted for Federal use.” So this sounds 
as if this is telling AEC, “When you are fixing up part 20, you start 
using that kind of terminology, unless you have got good reason for not 
doing so,” perhaps. 

Dr. Cuapwick. It is not clear to me, Mr. Ramey, whether you are 
addressing a question to me or not. Did you want me to comment? 

Mr. Ramey. Either you or Dean Cavers, I would say. 

Professor Cavers. Incidentally, Mr. Ramey, I do have the back- 
ground material; I did not recognize it as such. I do not know that 
it has added to any of my understanding of the problem, however. 

This could conceivably come down merely to a matter of semantics, 
that you would substitute this phrase for the other phrase, keep exactly 

584546032 
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the same regulations, and use the same standard for compliance: 
namely, a maximum permissible dose in a legal sense, but now being 
called a radiation protection guide. 

In assuming that this was not what was intended, I relied in part 
on the trend of testimony during the course of the last week’s testi- 
mony, which led me to feel that there was a general dissatisfaction 
with the use of specific numbers as rules beyond which one might not 
go. There is a great deal of emphasis on the importance of the use 
of reason and judgment in the evaluation of particular circumstances, 
So I had assumed that this was more than a matter of semantics, and 
it was an effort to get at a rather different approach to the regulatory 
problem. 

Representative Horirretp. Dr. Chadwick ? 

Dr. Cuapwick. I think part of this apparent confusion is really a 
result of the fact that this guidance, as issued by the President, is ob- 
viously applicable to a wide number of Federal agencies with differ- 
ent types of programs. I do not believe there was any thought in the 
issuance of this guidance that Federal agencies would alter their 
basic approach. It was assumed that the Atomic Energy Commission 
in its regulatory program would continue to follow its statutory re- 
sponsibilities and operate in the same basic way. But there are cer- 
tain other agencies whose programs differ from this type of approach. 
This broad guidance from the President. is intended to apply to all of 
these agencies, to be adapted by them to the particular modus operandi 
that is applicable to their statutory responsibility. 

Representative Horirrmeip. This brings me back, Mr. Parker, to my 
original request that we have a simple glossary of terms. I will take 
out the word “simple” and say that we should have a glossary of terms 
which is adopted, 1f possible, by the NCRP and by the FRC, as well as 
other agencies of Government. If we can set up a common definition, 
it would be of immense value. I know it would be of value to members 
of this committee. I know it would be difficult to do. 

Mr. Parker. By implication, Mr. Chairman, I have already ac- 
cepted this charge. I would like to work with others, and I anticipate 
it will take at least 2 weeks to present the considered material. 

Representative Hoxrrretp. Dean Cavers, did you have anything 
further to say on that ? 

Professor Cavers. No, I do not. 

Mr. Ramey. Dean Cavers, in the way the Federal Radiation Council 
has operated, by issuing this guidance or directive to the Federal 
agencies, in doing so without holding hearings and bringing in any 
public scrutiny of its recommendations, and also exercising execu- 
tive privilege as far as Congress is concerned, do you think this is a 
desirable way to operate? Should it follow normal administrative 
law or general Federal organizational patterns? 

Professor Cavers. It seems to me, Mr. Ramey, that it is a little hard 
to generalize as to that until we have had some experience in seeing 
the agency’s regulatory responsibilities in operation. Mr. Hosmer, 
this morning pointed out the range of possible weights that might be 
given to recommendations of this sort by a regulatory agency which 
is operating under the Administrative procedure Act. It might be that 
an agency would give so much weight to the recommendation as to, in 
effect, defeat the effectiveness of the public hearing. It would be en- 





RADIATION PROTECTION 493 


tertaining witnesses, but after the Council’s voice would be heard, and 
there would not really be a chance for the agency to work out an in- 
dependent judgment. 

As I listened to Mr. Staats’ testimony this morning, in which he em- 
phasized the advisory characteristics of this recommendation, it seemed 
to me quite reassuring. Certainly there should be no reason why 
advice trem a group of interested agencies should not be taken into 
account by an agency with a statutory responsibility, and the require- 
ment that it accept, receive, and consider public views. But the prob- 
lem, I think, is mostly one of the weight to be given to the recommenda- 
tion as received and the weight to be given by the agency to the public 
testimony and comments that it receives. I should think it could work 
out so that this would be compatible with the operation under the 
Administrative Procedures Act. I think this is something we can tell 
better in the light of the actual operation under this. 

Representative Hosmer. Dean Cavers, I think it might be enlight- 
ening if you told us what you conceive the Federal Radiation Coun- 
cil’s guides to be, in the sense of: a guide to whom? For what pur- 
rose 7 
; Professor Cavers. I take it that this represents a consensus of the 
considered judgments of the various interested agencies, both those 
represented on the Council and those who may have been interested 
and had the chance to advise the Council as to their views, as to a 
common program which is desirable but not conclusive. This is a 
directive of a sort, but in the nature of advisory directive, according 
to Mr. Staats this morning. As an advisory directive, I take it it is 
entitled to be weighed, but not one which has to be followed. 

This problem of giving weight to it in the light of the particular 
circumstances in which an individual agency finds itself 1s the one 
that I was mentioning awhile ago. They may have comments and 
information from the public which they would regard as decisive for 
them, and, if they pursue the counsel thus received, rather than the 
advice of the Federal Radiation Council, I take it they would then go 
back to the Council and try to work things out. If they could not, 
and there would remain a difference, we would have to see what would 
follow from that difference. 

Representative Hosmer. As enunciated by the President, however, 
these guides are to Government departments and agencies for their 
use in establishing the rules internal to their organization, as well as 
regulations which they are empowered to make as applied to people 
external to the organization. That about sums it up; does it not? 

Professor Cavers. I think there are rules to be taken into account 
by the agencies in the process of formulating regulations, if the agen- 
cies have powers to regulate outside activities. Perhaps these rules 
would have greater weight than that and more binding influence, 
when the problem was raised by the agency’s own operations and not 
by the exercise of its regulatory power. For example, in administer- 
ing its contracts, it might be that there would be a greater compulsion 
on the agency to follow the recommendation than in the case when it 
was issuing regulations subject to the Administrative Procedure Act. 

Representative Hosmer. Perhaps if we conceive of them as general 
principles that guide specific applications by agencies and depart- 
ments, some of the doubt or confusion might be cleared up. 
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Professor Cavers. I think that would be valid if you would include 
“advisory general” principles in the formulation of it. 

Representative Horirretp. Mr. Townsend, I would like to get back 
to a phase of application from the State standpoint and ask you, 
What has been your experience in New York in recent years in the 
regulation of X-ray devices? I understand you do have a law, of 
course, along that line. Has that law been brought up to date? Have 
your inspection forces been augmented? Have pom done any im- 
portant surveys in this particular field of radiation $ 

Mr. TownsEnp. There are three codes, and they have been in effect 
since around 1955, and they apply to X-ray sources of radiation as 
well as everything else. 

It is primarily within the last year that a registration program has 
been undertaken, and this is now in its last phase. 

Representative Hoxrrre.p. You are talking about the administra- 
tion of X-ray devices? 

Mr. Townsenp. That is right. 

There is also registration of radiation sources and byproduct ma- 
terials as defined under the Federal law. 

Representative Hotirretp. I want to get to that in a minute. 

Mr. Townsenp. This effort to register all X-ray sources of radi- 
ation is now in its very last phases. I think now probably just 
about all of them are registered. There are over 20,000 in the State 
of New York, and it is quite a large operation. 

Also, the byproduct sources are registered and have been for a pe- 
riod of a couple of years, the radioisotope sources. Where the Federal 
Government asserts authority through licensing, the State neverthe- 
less has required registration. 

Representative Houirretp. How about inspection? Do you have 
an adequate inspection force to go around and inspect these machines 
and see that they are operating properly ? 

Mr. Townsenv. We think that the inspection force is adequate. 
Whether the AEC will consider it adequate as far as entering into an 
agreement is concerned is still not a settled question. 

Representative Ho.irreLp. Twenty thousand devices are quite a 
ee number, for inspection, calibration, evaluation, and so 

orth. 

Mr. Townsenp. The inspection has applied primarily to radium 
and radioisotopes. Really, there has not sea much of an inspection 
yet in the case of X-ray, except in unusual situations. The registra- 
tion program is just in its last phases with regard to X-ray. But 
there has been an inspection program that has been under way for 
several years as far as radioisotopes are concerned. 

Representative Hottrretp. We had some testimony last week from 
the New York health representative that the States cannot regulate 
the design of machines, they cannot regulate the manufacturers. Is 
that true? 

Mr. TownsEenpb. That is what I understand. 

Representative Horirretp. But you could regulate the use of the 
machine if it was considered to be detrimental. 

Mr. Townsenv. That is right. The radiation codes apply in the 
case of X-ray machines. There is the case of medical use where, in 
the judgment of the doctor, it is required; that is, outside of this. 
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Representative Horirretp. But as total calibration of the machine, 
the efficiency of the machine, if it was a dangerous machine, like an 
obsolete fluoroscope, let us say, you do have the means of precluding 
the use of those machines; do you not? 

Mr. Townsenp. This is my understanding. 

Representative Hotirtetp. What sort of a force dec you have? Do 
you have a force to go around and inspect these machines yet? How 
many do you have? 

Mr. Townsenp. First of all, I think you have to think in terms of 
fer le who are specially qualified in the radiation field; call them 

ealth physicists, 1f you want. 

Representative Horirrecp. I am not talking about a health officer 
who does not know anything about radiation. I am talking about 
someone who knows how to look at a machine or measure it and find 
out whether it is a dangerous machine or one that could be used 

roperly. 
; Mr. Townsenp. As far as our office is concerned, and the State 
atomic energy law under which we function, it is similar to the Fed- 
eral one, in that it is limited to byproduct material, special nuclear 
materials, and so on. So X-ray sources are outside of our area of in- 
terest and jurisdiction. 

In the area in which we are interested, there are over 20 qualified 
people within the regulatory agencies of the State of New York that 
will be doing the inspection, probably initially doing all of the in- 
spection. Later on, as we have a training program, there will be more 
people who inspect for other purposes brought into this program. 
But we are going to start at the barrier, the starting line, with about 
20 qualified people. 

Representative Hotirrecp. And they will devote their attenion to 
radioactive sources ? 

Mr. Townsenp. Of the type covered by the agreement with the 
Atomic Energy Commission. 

Representative Horirrecp. By the Atomic Energy Act. 

I would like to question you with regard to notification to the State 
by the licensees or by the AEC of newly licensed people and new 
sources which might be brought into your State for industrial or other 
type of use. What does your law provide? Does your law provide 
that the licensee that intends to use radioactive material shall notify 
the State and the city in which he expects to use it, or do you depend 
upon a notification from the AEC to the State and then have it filter 
down to the local body ? 

Mr. Townsenp. The State requires this registration from the user 
himself. He is supposed to register his source. 

Representative Hotirretp. With the State? 

Mr. TownsEnp. With the State. If he is an industry, he registers 
it with the department of labor; if he is a medical institution or uni- 
versity health institution, he registers it with the State department of 
health upstate, and the city department of health in the city. 

Representative Hortrrenp. How does the city of Schenectady or 
Syracuse find out about this? 

Mr. Townsenp. In New York State, the health districts and the 
county health officers and so on are very closely tied in with the State 
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health department in Albany, and they have a regular exchange of 
information. 

Representative Hoxirretp. Do you have any kind of a monthly pub- 
lication or bulletin that goes out to the local bodies? 

Mr. TownseEnp. I am not aware of the publication of a periodical, 
although there may be. But I am quite sure, because I have had a 
few occasions to run into this, that there is very close liaison between 
these county and district health officers and the health department in 
Albany. 

actiaseatabive Hotirtetp. Could you look at some test cases and 
notify the committee by letter as to what the lag time has been between 
AEC notification of the State and the notification by the State to the 
local city of a new radioactive source being licensed within a city? 

Mr. Townsenp. Yes, I will. 

Representative Horirietp. With that, we might get some idea as to 
this lag time. 

Also, whether you think the person who applies for atomic mate- 
rial with the AEC should be required by the AEC, as one of the 
points in granting this permit, to have served notice on his local city 
or county, or even the State, that he plans to use this material. 

Mr. Townsenp. There is not such a requirement as that now, no. 

Representative Hoxirreip. You will understand our interest in this, 
in view of testimony we had last year from firemen. I think there 
was a representative of a firemen’s group saying that the fire depart- 
ment should know where this material is, so in case of a fire, when 
they rush in and are confronted with dangerous material, the han- 
dling of it, or in the guarding of it or quarantining of it, that they 
should know about this. 

Mr. Townsenp. This notification of fire departments is particu- 
larly well developed within the city of New York. The health 
department there is the agency that requires the registration of 
sources, and they keep the fire department very fully informed. I 
believe that is probably a model situation in this regard. 

(The following letter was subsequently received from Mr. 
Townsend :) 


STATE OF NEw YORK, 
EXECUTIVE DEPARTMENT, 
OFFICE OF ATOMIC DEVELOPMENT, 


Albany, July 8, 1960. 
Hon. CHET HOLIFIELD, 


Chairman, Subcommittee on Radiation, 
Joint Committee on Atomic Hnergy, 
Congress of the United States, 
Washington, D.C. 


DEAR REPRESENTATIVE HoLtFretp: During the roundtable discussion before 
the Radiation Subcommittee of the Joint Committee on Atomic Energy, in which 
I participated on June 2, 1960, you asked me the following: 

“Could you look at some test cases and notify the committee by letter as 
to what the lag time has been between AEC notification of the State and the 
notification by the State to the local city of a new radioactive source being 
licensed within the city * * *. Also whether you think the person who applies 
for atomic material with the ADC should be required by the ANC, as one of 
the points in granting this permit, to have served notice on his local city, or 
county, or even the State, that he plans to use this material.” 

We have now looked into this and I can report that copies of licenses issued 
by the Atomic Energy Commission within New York State are received within 
10 days to 2 weeks by the State department of health. These, in turn, are 
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reproduced and copies are forwarded by the State department of health to the 
State department of labor and all full-time city, county, and district health 
departments. A delay of up to 2 months in transmitting copies to local health 
departments and the State department of labor has occurred at times. I have 
been informed by the State department of health that it is expected that this 
time can be reduced and that henceforward distribution within the State can 
take place within a 2-week period. We also now have under consideration 
within the State the possibility of the State office of atomic development assuming 
this informational function. 

With regard to your second question, it is our belief that it would be desirable 
for the Atomic Energy Commission to require that its licensees comply with 
all applicable State or local regulations, which in many cases impose a registra- 
tion requirement. We do not believe that a requirement by the Commission 
that its licensees notify State and local officials would be an effective substitute 
for notification of the State directly by the Commission itself. 

As you know, this State is in the process of negotiating a regulatory agree- 
ment with the Atomic Energy Commission and we are presently inclined to 
feel that a revision of present notification procedures might appropriately 
await completion of this agreement inasmuch as at that time the circumstances 
affecting notification procedures will presumably be somewhat different than 
they are now. 

Sincerely yours, 
OLIveR TOWNSEND, Director. 

Representative Hotirrerp. Are there any questions from the Con- 
gressmen ? 

Are there any further matters? 

Professor Cavers. 1 would like, if I might, to put a question to 
Mr. Townsend. 

Representative Hottrretp. Dean Cavers. 

Professor Cavers. In the actual operation of these three codes, 
have there been enforcement proceedings brought against violators of 
the labor or health or city codes? 

Mr. Townsenpv. No. There is authority to provide enforcement 
proceedings, and the threat of it can take care of a situation. The 
State has never challenged the authority of the Federal Government 
over its own licenses within the State. 

Representative Horirretp. What about that waste disposal case? 
Was there not such a case in New York, where there was some vio- 
lation ? 

Mr. TownseEnp. I believe you are thinking of Connecticut in regard 
to waste disposal. 

Mr. Ramey. A fellow had a little plant there in his backyard. 

Mr. Townsenp. You are thinking of the radium case at Mount 
Kisco. 

Mr. Ramey. Yes. 

Mr. Townsenp. The uranium and radium corporation case? 

Mr. Ramey. Right. 

Mr. Townsenp. This is not one of the byproducts. 

_ Professor Cavers. No. I was thinking of the radioisotope situa- 
tion. 

Mr. Townsenp. Regarding the Mount Kisco case, I am not familiar 
with the details of that. Radium is outside of the jurisdiction of 
the State atomic energy law. It also occurred before the law was 
passed, and before our agency came into existence. 

Representative Hourrretp. Dr. Selove. 

Dr. Sevove. While Dr. Chadwick is here, I wonder if I might just 
ask him a question for information. 
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I see this staff report issued by the FRC explicitly states it is an 
interim report and some sources of radiation are not considered, such 
as internal emitters. There have been a few rather widespread 
sources of radiation that have frequently been discussed, such as from 
wristwatches or from television sets. I wonder if the FRC has any 
plans for studying and making any recommendations on such sources. 

Dr. Cuapwics. I think, if you will refer to the testimony of the 
FRC of last week, you will note that a group is currently at work 
on the problem of internal emitters. This is the temporary staff, 
No. 2, that was referred to by the chairman a few moments ago. 

On the matter of television sets, the Council has no specific project 
in that area. 

Representative Houtrrecp. Are there any further comments, gen- 
tlemen ? 

Representative Hosmer. I would like to ask a question. 

Representative Hoitrretp. Mr, Hosmer. 

Representative Hosmer. I suppose I should ask this of Dr. Wil- 
liams. Youare on the NCRP, are you not? 

Dr. Witi1aMs. No. 

Representative Hosmer. Are any of youon the NCRP? You are, 
are you not, Mr. Parker ? 

We have heard nothing but good of that body and praise for its 
work and the standards it puts out. We have also heard that what 
the Federal Radiation Council did was more or less a carbon copy 
of what the NCRP did. We have heard also a great deal of criticism 
of the Federal Radiation Council for not going outside and getting 
advice from a lot of additional people to establish this guide. I would 


like to know what the —— is as used by NCRP in arriving at its 


commendable standards, suggestions, or whatever they are called. 

Mr. Parker. I think, Mr. Hosmer, that can be best characterized as 
a slow struggle within separate subcommittees normally containing 
some seven members who are selected as representing the various 
aspects of the problem component to be tackled. These exchanges of 
opinion, supplemented outside the committee by exchange of each man 
with his professional colleagues, gradually crystallize something ap- 
proaching a consensus of opinion, which is then written up by the 
chairman. It has always been true that the chairman carries the main 
load. One man has to write up the document. Two examples of ex- 
cellent ones mentioned frequently in these hearings, were prepared, 
respectively, by Dr. Failla and Dr. K. Z. Morgan. These are then 
circulated informally, usually to chairmen of all the other commit- 
tees—and I believe there are now somewhere between 14 and 18— 
and others likely to have constructive comments. They finally have 
the approval of the main committee. 

Representative Hosmer. Are there, among the representatives, doc- 
tors, lawyers, ministers, labor, and so forth, on the committee ? 

Mr. Parker. I think the statements that have appeared in the last 
2 weeks, sir, show that people are speaking in all this work as in- 
dividuals knowledgeable in some separate activity, and are not in the 
normal sense representing any organization. 

Representative Hosmer. Well, they are technical people. 

Mr. Parker. They are technical people. There was one specific 
variation from the physical science technical people and the biologi- 
cal science, if you will, in that subcommittee which heretofore had 
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attempted to put out some assistance in terms of a model code. _ I be- 
lieve Mr. Adams said that four lawyers were associated with that 
particular one. 

Representative Hosmer. That was for drafting purposes; is that 
right? 

{r. Parker. I believe they worked together in composing the at- 
tempted new code that was referred to. But this is the exception. 

Representative Hosmer. Then, NCRP and FRC go about their 
business in essentially the same manner; is that a fair statement? 

Mr. Parker. I could not speak to that point. I could perhaps have 
said that FRC could have obtained a going package from NCRP in 
terms of a recommended set of guides. 

Representative Hosmer. You are a difficult witness. When you do 
not like my question, you answer one you would rather have me ask. 

Mr. Parker. Excuse me. I did not intend to evade the question, 
sir. Perhaps, if you would restate it, I could do better. 

Representative Hosmer. What I was trying to get at was that from 
what I have heard, I gather that the way that the two bodies go about 
their work and the kind of people that they are made up of, are pretty 
similar—of a similar nature. 

Mr. Parker. I cannot speak for how FRC goes about its work, be- 
cause this was not a matter that was available to use for examination. 

Representative Hosmer. Well, you have been around here for sev- 
eral days and have gotten pretty good ideas about how the Federal 
Council went about its work, have you not? You heard about the 
peeling off of the various layers and getting down to the working 
group, and the working group going out and talking with people; 
and it is about the same as you apparently describe as the way NCRP 
goes about it, except that your group is one of subcommittees. 

Mr. Parker. No, sir; there is a very fundamental difference. 

I was one of the men listed who was approached by the temporary 
staff. Dr. Failla and I spent a day with them. If this kind of thing 
takes place in NCRP or NAS circles, there is full opportunity for 
conversation both ways. This is a radically different process, as far 
as the technical man is concerned, from saying his piece to a group of 
which presumably studies it and passes on some part of it to another 
group, which passes it on to yet another group. is is not a normal 
process of scientific exchange of opinion. 

Representative Hosmer. Federal] Council people use you as more or 
less a source of information, then, rather than as an adviser; is that 


a ? 
Mr. Parker. I do not know whether they use me or not, sir. I 
presented myself for 1 day’s conversation. 

Representative Hosmer. Well, somebody listened to you, I suppose. 

Mr. Parker. That was the impression at the time. But whether 
that is reflected in the resulting product is another issue. This does 
not happen in NCRP. Everyone that has been consulted has had 
i Sine to be asked whether the product reflects his views, 

epresentative Hosmer. I suppose, then, you were at a different 

level in the category of your interchange of information with the 
Council. 

Mr. Parker. Mr. Hosmer, I would suggest that the committee send 
a letter to each of the men listed as having consulted with the tem- 
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porary staff group and ask them if they feel that that is a formal 
avenue of technical consultation. That would be a better answer than 
that of only one man here. 

Representative Hosmer. I take it that you do not exactly approve 
of the way FRC operates. 

Mr. Parker. I suggest, sir, that there is one way to frustrate 
scientists, and that is—and I speak from experience of doing this to 
people, perhaps—if some technical work is prepared and then it is 
analyzed through three administrative channels, the professional at 
the bottom end of that chain does not want to have his name con- 
nected with it. 

Representative Hosmer. Well, we have another way to frustrate 
scientists, too; not to give them enough money for their projects. We 
have a lot of frustrated scientists in this country. 

Thank you, Mr. Parker. 

(The statement subsequently submitted by Dr. Parker follows:) 


On Tuesday, June 2, during the roundtable on topic IV, Representative Hosmer 
questioned me in considerable detail on the mode of operation of NCRP. The 
questioning continued to analyze some differences in the mode of operation of the 
Federal Radiation Council and NCRP with respect to scientific interchange. It 
will be clear that the view expressed in this section were strictly personal 
opinions. These responses referred only to what seemed to be a factual exist- 
ing difference in method of operation without necessarily suggesting that the 
two bodies should in fact operate in the same manner. My response to Mr. 
Hosmer’s suggestion that I do not exactly approve of the way FRC operates 
was not well chosen and can easily be misinterpreted as implying acquiescence 
with that suggestion. It is my feeling that it was so misinterpreted in the 
question and answer period while Secretary Flemming was a witnesses on the 
following day. Secretary Flemming’s comment that there is a practical limit 
to the amount of exchange that can take place in any particular case was very 
much to the point. In addition, I can perhaps clarify my position by stating 
that I would hope to see even less duplication of effort between these two im- 
portant bodies in the future, and hence even less reason to look for identity of 
mode of working. Ideally, I would like to see NCRP adhere more closely to a 
scientific posture and FRC more closely to an administrative posture. The 
peculiar problems of radiation protection today hinge largely on the inabality 
to make such a clear-cut separation. 


Representative Hoxtrrecp. Gentlemen, thank you very much for 
your participation in the panel and for appearing here as witnesses. 
It has been very helpful. 

We will reconvene in the morning at 10 o’clock in this room. We 
hope to have Secretary Flemming as our leadoff witness, and then we 
will have public witnesses following. It may not be possible for 
Secretary Flemming to appear, and if he is not able to appear, because 
of his involvement as a witness in another committee, we will start 
with the public list of witnesses. We will have Dr. Seymour Yale and 
Dr. George Paffenbarger from the American Dental Society, Mr. 
Andrew Biemiller from the AFL-CIO, Mr. Harold Sandbank from 
the American Municipal Association, and representatives from the 
Sane Nuclear Policy Committee, the Health Physics Society, the 
Consumers Union, and the Scientists’ Committee for Radiation In- 
formation of New York. This will give the public a chance to com- 
ment on the testimony we have had. 

The meeting stands adjourned. 


(Whereupon, at 4:05 p.m., a recess was taken until Friday, June 3, 
1960, at 10 a.m.) 





RADIATION PROTECTION CRITERIA AND STANDARDS: 
THEIR BASIS AND USE 


FRIDAY, JUNE 3, 1960 


ConGRrEss OF THE UNITED StTATEs, 
Spectat SuBCOMMITTEE ON RapDIATION, 
Jornt ComMItTEE oN Atomic ENERGY, 
Washington, D.C. 

The subcommittee met, pursuant to recess, at 10:05 a.m., in room 
P-63, the Capitol, Hon. Chet Holifield (chairman of the subcommit- 
eS presiding. 

resent: aiiauabidels Holifield, Senators Hickenlooper and 
Aiken, and Representative Hosmer. 

Also present: James T. Ramey, executive director; and Carey 
Brewer, professional staff member; Hal Hollister and James E. Tur- 
ner, technical consultants. 

Representative Hotirretp. The committee will be in order. 

The subcommittee will continue its hearings on Radiation Protec- 
tion Criteria and Standards, Their Basis and Use.” 


Our first witness this morning will be Dr. Seymour Yale, Univer- 
sity of Illinois, and Dr. George Paffenbarger, Washington, D.C., 
representing the American Dental Association. 

Gentlemen, will you please come forward ? 


STATEMENT OF DR. SEYMOUR YALE,' UNIVERSITY OF ILLINOIS; 
ACCOMPANIED BY DR. GEORGE PAFFENBARGER,? WASHINGTON, 
D.C., REPRESENTING THE AMERICAN DENTAL ASSOCIATION 


Dr. Parrensarcer. Mr. Chairman, I am George C. Paffenbarger, 
director of the American Dental Association’s research division at the 


National Bureau of Standards. With me is Dr. Seymour H. Hale of 
Chicago, Ill. 

Before I introduce Dr. Yale, I should like to outline for this com- 
mittee some of the activities of the American Dental Association in the 
field of radiation protection over the years. The association is fully 
aware of its great responsibility for the proper use of the X-ray 


1 Born Nov. 27, 1920, at Chicago, Ill. Married with two children. B.S. 1944, University 
of Illinois; D.D.S. 1945, University of Illinois, College of Dentistry; Graduate School, 
University of Illinois, 1947-48. 1945, engaged in private dental practice; 1948, associated 
with the College of Dentistry, University of Illinois; since 1957, professor and head of 
the department of radiology. Member of the advisory editorial board of the International 
Association for Dental Research (J. dental research) and member of the American 
Standards Association Sectional Committee (dental film specifications). 

2 Born in McArthur, Ohio, on Nov. 3, 1902. Graduated from the College of Dentristy, 
Ohio State University in 1924 with honors. Palama Settlement Dental Clinic, Honolulu 
1925-26; instructor in the College of Dentistry, Ohio State University, 1927-28; and 
research associate of the American Dental Association at the National Bureau of Stand- 
ards, 1929-41, and since 1946. 1942-46 served in the Dental Corps of the U.S. Navy at 
the Naval Medical Su Ply Depot, Brooklyn, N.Y.; advanced from lieutenant commander to 
commodore; now holds the rank of rear admiral in the U.S. Navy Reserve. 
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machines in the offices of members of the dental profession. At the 
present time it is reliably estimated that the 83,000 dentists engaged in 
private practice own and operate approximately 95,000 dental X-ray 
machines. 

Through the several media available to it, the association exerts 
strong influence in educating dentists and the public in this field as 
one of many which concern the practice of dentistry and the health of 
the Nation. 

The Journal of the American Dental Association carries scores of 
timely articles on the proper use of diagnostic radiation, and new in- 
formation is brought to the profession in this way as soon as it be- 
comes available. The association has prepared and distributed sev- 
eral educational movies on radiographic technique in the dental office, 
which demonstrate hygienic measures for the protection of the patient 
and the professional and technical staff. This association has pro- 
duced these in cooperation with the National Bureau of Standards. 
The first of these motion pictures was produced in 1953 and, by the 
way, won the second prize at the Vienna International Film Festival 
in the medical category. Another one was prepared and is now in dis- 
tribution, and it is entitled “Dental X-ray Equipment, Its Alteration 
for Modern Radiation Hygiene.” 

At the present time the American Dental Association, in cooperation 
with the American Standards Association, is preparing a specifica- 
tion for a dental X-ray film. 

The association has had several symposia and has tried to establish 
at all the local levels programs on rattiatice hygiene for the benefit 
of the local practitioners. Essays and clinical presentations in the 
field of radiography are encouraged and invited for the programs of 
the various meetings of dental organizations at the national and com- 
munity levels. The association ‘has kept its membership informed 
concerning State legislation requiring registration and inspection of 
radiation producing devices. One of the principal objectives of these 
communications has been to encourage dentists to cooperate in the ad- 
ministration of State radiation protection laws. 

Recently, in cooperation with the American College of Radiology, 
the American Dental Association produced a booklet on radiation pro- 
on and hygiene and distributed it to every dentists in the United 

tates. 

By the way, the Indiana Dental Association has asked permission 
to reprint this booklet for the Indiana dentists in Asia. 

The American Dental Association, through its various agencies, also 
maintains excellent relations with the dental trade organizations, who 
make these dental apparatus for use in generating radiation. In this 
close cooperation, agreement is reached on the safety factors necessary 
in the production of machines. 

In cooperation with the National Bureau of Standards, the Amer- 
ican Standards Association and other groups, the association is work- 
ing on the development of standards and specifications for dental 
radiographic film, adoption of which eventually will contribute im- 
portantly to the stabilization of the X-ray dosage picture. 

The Association’s Council on Dental Research continues to provide 
information on radiation hygiene to dentists and dental auxiliary per- 
sonnel, and to cooperate with other agencies in fulfilling its obliga- 
tions in this area. A consultant of the Council serves with the Na- 
tional Committee on Radiation Protection which is completing its re- 
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vision of Handbook 60. There is in this book a section on proper 
practices for maintaining radiation hygiene in the dental office. This 
Handbook No. 60, the principal one, is now being revised, and when 
the revision is finished, the Council plans to issue a report to the en- 
tire membership of the association. 

The association’s interest in radiation and radiation protection will 
continue as long as dentists use radiographic means for the detection 
of oral diseases, as they realize the extreme importance of it. It isa 
privilege to cooperate with this committee in providing information 
on the association’s participation in the movement to reduce unneces- 
sary exposure to radiation from all sources, and in the interest of the 
public welfare. 

To give further insight into the technical aspects of the matter from 
the dental standpoint, I would like to introduce Dr. Seymour H. Yale 
of Chicago, Ill., who will present the remainder of our statement. Dr. 
Yale is a professor and head of the Department of Radiology, College 
of Dentistry, University of Illinois and is a consultant on radiology 
to the Council on Dental Research of the American Dental Association. 
He has published many articles on radiology and is eminently qualified 
to speak on the subject, and he has had the active cooperation of the 
Argonne National Laboratories in this particular work at the Uni- 
versity of Chicago. 

Now I would like to introduce Dr. Yale, Mr. Chairman. 

Representative Hortrretp. Dr. Yale. 

Dr. Yate. Mr. Chairman, members of the committee, the dentist has 
four objectives in employing the radiographic examination as a diag- 
nostic aid in rendering a complete oral health service: 

1. To recognize frank disease processes: bony tumors, bony cysts, 
changes in the jawbones occurring in certain systemic diseases, bony 
periodontal pockets, dental caries, etc. 

2. To discover evidence of these and other oral diseases in their 
incipiency, or early stages. 

3. To serialize or record the chronological progress of the growth 
and development of oral tissues and the treatment of oral disease in- 
volving bone and tooth structures. 

4. To apprise the patient of his existing good oral health when 
radiographic examination reveals the absence of oral disease, either of 
a local or a systemic nature. 

Cognizant of its total responsibilities in the utilization of X-radia- 
tion in oral diagnosis, dentistry has established a two-front attack 
focused upon the reduction of radiation hazards. These areas are (1) 
intensive research, and (2) continuous professional education. The 
— of research activity in radiation protection problems in dentistry 
is demonstrated in a review of the dental literature for 1958. During 
that year, 65 papers in the field of radiation protection appeared in 
English language dental journals. (Yale, S. H.: “Studies in Radiol- 
ogy,’ J.A.D.A, 58 :36, May 1959.) 

The American Academy of Oral Roentgenology published a com- 
prehensive report on recommendations for X-ray protection in the 
dental office which included appendixes listing suppliers of film badge 
services, ionization chamber dosimeters, replacement timers, and bar- 
rier materials. (Richards, A. G., and others: “X-Ray Protection in 
the Dental Office.” J.A.D.A. 56-514, April 1958.) 

Under the cosponsorship of the American College of Radiology and 
the American Dental Association, additional practical information on 
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the control of radiation hazards was supplied in a manual listing a 
number of methods for insuring good rodletien hygiene in the dental 
office, including proper collimation and filtration, use of fast films, and 
emphasis on special care with children and pregnant women. (Cham- 
berlain, R. H., and Nelsen, R. J.: “A Practical Manual on the Medical 
and Dental Use of X-Rays With Control of Radiation Hazards.” 
Sponsored by the American Dental Association, Chicago. American 
College of Radiology, 1958.) 

Gonadal exposure of patients: The genetic effects of the X-radiation 
used by dentists have been widely discussed. The dental contribution 
to the 10-roentgen 30-year gonadal dose is estimated by radiobiologists 
at approximately 1 roentgen. Independent findings of a number of 
dental researchers indicate that the 1-roentgen gonadal dose repre- 
sents in excess of 200 full-mouth X-ray examinations of 14-20 films 
each per patient during this 30-year period. (Eselman, J. C.:“Radia- 
tion Intimidation—True or False.” Penn. D. J. 25:18, January 1958. 
Richards, A. G.: “Roentgen-Ray Doses in Dental Radiography.” 
J.A.D.A. 56: 351-368, March 1958.) 

It should be noted that (1) this data is based upon the roentgen out- 
put of uncollimated, unfiltered X-ray machines, and (2) the average 
dental patient has less than 12-15 full-mouth X-ray examinations 
made during his first 30 years of life. It is clear that the actual 
exposure from dental diagnostic radiation is far below the margin 
recommended by the authorities. 

Survey of X-ray facilities and procedures in private dental offices: 
During 1958, it became apparent that a critical need existed for a 
statistical exaluation of the status of radiation hygiene practiced in 
dental offices in the United States. 

Based upon experience gained in an earlier pilot radiation survey, 
the Department of Radiology at the College of Dentistry, University 
of Illinois, was awarded a U.S. Public Health Service grant to assist 
in coordinating a large scale radiation survey program. The specific 
aim of the program was to conduct a survey of the X-ray facilities in 
2,000 dental offices under actual operating conditions. Participating 
grants were awarded to each of 10 dental schools in the United States. 
In order to implement a significant geographic analysis of the data 
collected, the folowing dental schools were chosen: Baylor University, 
Dallas, Tex.; Detroit University, Detroit, Mich.; Emory University, 
Atlanta, Ga.; Indiana University, Indianapolis, Ind.; Temple Uni- 
versity, Philadelphia, Pa.; Tufts University, Boston, Mass.; Uni- 
versity of Kansas City, Kansas City, Mo.; University of Minnesota,. 
Minneapolis, Minn.; University of Southern California, Los Angeles;. 
and University of Washington, Seattle, Wash. 

Each of the 10 schools was charged with the collection of specific 
radiation data on 200 local dental offices. Preliminary findings of this 
program will be discussed later in this testimony. 

Survey of courses in radiation hygiene: A questionnaire requesting’ 
information on the number of undergraduate lecture hours devoted to 
radiation hazards and/or hygiene was recently sent to 45 dental schools 
in the United States. A 77.7 percent response indicates that an aver- 
age of 4 hours of such lectures are being presented. In addition to 
formal lectures, some schools require extensive assigned reading in 
the area, and all schools stated that radiation hygiene was stressed im 
undergraduate clinical practice. 
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Recommendations for reducing radiation exposure: Authorities are 
in agreement that four basic factors are operative in the reduction of 
radiation used by the dentist: (1) collimation of the X-ray beam, (2) 
selective filtration of the X-ray beam, (3) utilization of more sensitive 
X-ray film, and (4) employment of higher kilovoltage X-ray machines 

The reduction of beam size through collimation is accomplished by 
installing a lead washer in the port or opening of the dental X-ray 
machine. Although the size of the opening in the lead washer varies 
with each brand of machine, such variation in size provides a standard 
area of exposure, irrespective of the brand of X-ray machine used. 
Aluminum is most commonly used for filtration, or removal of the soft 
X-rays that do not contribute to the production of a good diagnostic 
X-ray film. (Lee, E. A.: Some Radiation Hazards of Dental X-Ray 
and Their Elimination. Bul. Monmouth Co. D. Soc. 11: (no paging) 
March 1958. Peters, H. A.: Specific Protective Measures for Dental 
X-Rays. Chron. Omaha Dist. D. Soc. 22: 80, November 1958.) A 
given dental X-ray machine may be filtered through the simple expe- 
dient of placing aluminum disks of predetermined thicknesses behind 
the collimator. Another method of filtration combines copper and 
aluminum disks. (Yale, S. H. and Goodman, L. S.: Reduction of 
Radiation Output of the Standard Dental X-Ray Machine Utilizing 
Copper for External Filtration. J.A.D.A. 54: 354, March 1957.) 
The rationale for and method of collimation and filtration have been 
cited repeatedly by research workers in dental radiology during the 
past 4 years. The experiences and findings of some of these re- 
searchers indicate that the dental procession in this country has devel- 
oped an acute awareness of the need to maintain good radiation 
hygiene in practice. This concept is graphically demonstrated by the 
following studies: 

During the period extending from November of 1957 to March of 
1958, a radiation survey was made of 122 X-ray machines in 113 
dental offices in the Chicago area (Yale, S. H. and Hauptfuehrer, J. 
D.: Survey and Analysis of Roentgen Exposure to Dentists: Prelimi- 
nary Report. J.A.D.A.58:49-54, April 1959). Results of this survey 
showed that 22.6 percent of these machines were collimated and 16.8 
percent were filtered. In a current comparable radiation survey of 
2,000 dental offices in 10 States described earlier in this report, initial 
assessment of the data provided by 1,649 X-ray machines in 8 of these 
States indicates that now 69 percent of these machines are collimated 
and 56.3 percent are filtered. A second Chicago survey recently com- 
pleted shows collimation and filtration data that compare favorably 
with the new national average. In the evaluation of such data, one 
may conclude that the widespread research and educational programs 
in radiation hygiene in dentistry are increasingly effective. 

Dental X-ray film is fundamentally similar to ordinary photo- 
graphic film, in that increased sensitivity of the emulsion requires 
less energy for exposure. More sensitive photographic film requires 
less light, and more sensitive X-ray film requires less X-radiation to 
produce acceptable results. Data supplied by one of the leading 
manufacturers of dental X-ray film in the United States indicates 
that approximately 50 percent of such film currently produced by this 
ainadarturer is of the more sensitive high-speed or fast type. In 
addition, this firm reports an 8 percent yearly increase in the rate of 
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production and use of this type of dental X-ray film. It should be 
noted that the degree of sensitivity of this film is such that it could 
not be used with an improperly filtered X-ray machine without pro- 
ducing an X-ray picture so overexposed as to be of no diagnostic value. 

Although the majority of the 95,000 dental X-ray units now in use 
in this country operate at the 65- to 70-kilovolt range, 4 of the major 
manufacturers of dental X-ray machines are currently producing 
higher kilovoltage equipment in the 90-kilovolt range. The first 
machine of this type was made available to the profession in Febru- 
ary of 1956, just 4 months prior to the publication of “The Biologic 
Effects of Atomic Radiation—A Report to the Public” and “The Bio- 
logic Effects of Atomic Radiation—Summary Reports” by the Na- 
tional Academy of Sciences and the National Research Council (“The 
Biologic Effects of Atomic Radiation—A Report to the Public,” Na- 
tional Academy of Sciences-National Research Council, Washington, 
D.C., 1956. “The Biologic Effects of Atomic Radiation, Summary Re- 
ports,” National Academy of Sciences-National Research Council, 
Washington, D.C., 1956). 

While it is true that an increase in kilovoltage alone increases total 
output, it also permits and necessitates a reduction in time of ex- 
posure to maintain constant density of the film, i.e., produce a diag- 
nostic X-ray picture. Although the radiation per unit time is greater, 
the radiation dose per individual X-ray exposure is decreased. The 
radiation output of the higher kilovoltage X-ray machine is com- 
parable to that produced by the 65- to 70-kilovolt range X-ray ma- 
chine equipped with copper and aluminum filtration as previously 
cited. 

Conclusion: In recognizing the indispensability of the radiograph 
in oral diagnosis, dentistry has accepted the challenge of maintainin 
high standards of radiation hygiene through a combined program o 
intensive research and continuous professional education. 

Mr. Chairman, on behalf of the American Dental Association, I 
wish to thank the committee for the opportunity of presenting this 
statement. I will be pleased to answer any questions you might have. 

Representative Houirretp. Thank you very much, Dr. Yale. 

Do you have any questions, Mr. Hosmer ? 

Representative Hosmer. I am wondering why approximately 30 
percent of the dentists have not yet had collimation devices placed 
on their machines and only 56 percent are filtered. 

Dr. Yaz. In answer to that question, Mr. Hosmer, you will note 
that over a period of approximately 2 years there has been an in- 
crease in the number of machines collimated and filtered, in compar- 
ing the national study with the original Chicago study. 

Representative Hosmer. I realize that, but apparently one-third of 
the machines are not collimated. 

Dr. Yaux. This is a process of continuing education, I would say. 
And, I think it should be emphasized that based upon the significant 
rate of progress during the 2-year period covered i. the survey and 
taking into account the continuing educational efforts that have been 
carried out since then, there is no question that the percentage of un- 
collimated machines has been reduced substantially below the 30-per- 
cent figure. The American Dental Association’s program is directed 
ee the ultimate objective of reducing this percentage to zero and 
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based upon the cooperation that has been received from dentists to 
date, it is believed this may be achieved within 2 or 3 years. 


Representative Hosmer. Did this survey cover only those two 
points ? 































































































Dr. Yarx. No, sir; it covered many points. Questions were asked 
Y as to the age of the machine, type of machine, and type of film used. 
> x . ~ . 
t Representative Hosmer. Were the machines checked out for leak- 
' ages and other corrections? 
c Dr. Yate. Oh, yes. 
“ Representative Hosmer. What did you find out in that respect? 
ci Dr. Yate. The data are not as yet computed. 
8 Representative Hosmer. How about for the 1957-58 survey? 
1- Dr. Yate. The amount of leakage on the 1957-58 survey? I do not 
n, have that data at hand at the moment. 
e- Representative Hosmer. I think those figures would be as important 
il, to us as the other figures in bearing on whether the equipment is safe. 
Dr. Yate. Yes. I can make one interesting note, that we found in 
al the Chicago survey, if my memory serves me correctly, that as the 
x- average machine aged, the output decreased. In other words, as the 
g- machine became older, the tube, in a sense, became less efficient and 
sr, | produced less radiation. That may supply some information along 
he | the line that you suggest. 
m- But as to the actual leakages data, I have that and can submit that 
a- if required. 
sly Representative Hosmer. Thank you. 
Representative Horirietp. Thank you, sir. 
ph Dr. Yate. Thank you. 
ne (The information requested above by Mr. Hosmer is as follows:) 
0 In the preliminary evaluation of data on leakage radiation in dental X-ray 
machines by the University of Illinois group, the findings were consistent with 
a the recommendations of the National Bureau of Standards.’ These recommenda- 
his tions state that leakage radiation in diagnostic machines shall not exceed the 
Al 0.1 roentgen per hour measured at a distance of 1 meter. 
ve. : in } ; 
Representative Horrrietp. The next witness will be Mr. Sandbank 
of the American Municipal Association. 
30 
ced | STATEMENT OF HAROLD SANDBANK,*? CONSULTANT, AMERICAN 
MUNICIPAL ASSOCIATION 
note ; . 
<a Mr. Sanpsank. I am glad to be back here again, Mr. Holifield. 
an: This statement is concerned with the role of municipalities in the 
Pp field of radiation standards. It discusses the responsibilities of local 
dof | 2zencies and officials representing local people who live and work with 
radiation, and who are, therefore, directly concerned with radiation 
say. 1 National Bureau of Standards, “Handbook 60, X-Ray Radiation,” Washington, D.C., 
cant Government Printing Office, 1955, Addenda, February 1957. 

d *Harold Sandbank is a consultant on community and industry development for private 
an organizations and Government agencies. Since 1957 he has been assisting the American 
been Municipal Association in investigating the increasing effects of peaceful nuclear develop- 

ment on local communities and local government. In 1959 he directed a major study in 
f un- this field for the association, under a contract with the Atomic Energy Commission. Results 





of the study are contained in the recently published report, “The Community Impact of 
Peaceful Applications of Atomic Energy.” He was born in New York City. After eom- 
pleting high school and junior college at Bronxville, N.Y., he attended Concordia in St. 
Louis, and Columbia in New York City. He is married to the former Viette Count; they 
have four children, and live in Arlington, Va. 
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standards and their applications. It points out what help local author- 
ities can give in this field, and what help they need. 

In accordance with the request of the committee, the statement 
includes comments on major subjects listed for consideration in these 
hearings. It also includes specific recommendations. The observa- 
tions in this statement are based upon studies and investigations of the 
local effects of peaceful applications of atomic energy, including the 
recent special study made by the American Municipal Association for 
the Atomic Energy Commission. Some of your committee members 
are aware of this study. 


LOCAL EFFECTS OF ATOMIC ENERGY 


In previous testimony before this committee, we have discussed cer- 
tain details concerning the community effects of peaceful uses of 
atomic energy. The following are pertinent to the present hearings— 
I would like to point out that the atomic energy applications, of 
course, account for only a part of the radiation impact and use in the 
community : 

More than 6,000 atomic energy licensees are operating in 1,500 cities 
and towns across the country. In addition, there are the nuclear re- 
actors and the many unlicensed installations operated by or for the 
Federal Government. Enough has already happened in many cities 
to show that atomic energy development brings with it new considera- 
tions in the operation of local government. It means new kinds of 
local benefits. It also means new kinds of questions and problems 
connected with the responsibilities of local officials. These include 
mayors and city council members, as well as the personnel of various 
departments: health, fire, police, water, zoning, building, and others. 

In view of the specific local effects and problems, it was good to 
note the statements by members of the Joint Committee at the time 
the Federal-State cooperation amendment of the Atomic Energy Act 
was passed. For example, Senator Anderson, Mr. Price, and other 
members on behalf of the committee said that local and municipal 
officials are also to be encouraged to participate in inspection and to 
work closely with AEC officials. They also said that local and munici- 
pal government employees are to receive the benefits of this AEC 
assistance (training, etc.) as well as State employees. 

These statements are in accord with the policy resolutions adopted 
by municipal representatives at the last municipal congress. I would 
like to submit a copy of these resolutions. 

Representative Horirterp. It will be accepted. 

(The resolutions referred to are given in attachments 1 and 2 at the 
end of this statement, pp. 521 and 522. 

Mr. SanpBank. We regret, however, that it is not possible to report 
any significant progress in providing Federal encouragement and 
assistance to localities. They are still being bypassed. Far from 
being encouraged, they are not even being consulted. This situation 
is unwise and can be hazardous. Local communities have a key role 
in providing an atmosphere that is receptive to sound progress in this 
field, and in helping to provide adequate safeguards for public pro- 
tection against the hazards. The attitudes and actions of local people 
can directly help or hinder peaceful nuclear development. In our 
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previous testimony, incidentally, Mr. Holifield, we pointed out some 
specific examples of this in various cities throughout the country. 
This is demonstrated also in the field of radiation standards. 


NATURE OF MUNICIPAL INTEREST IN RADIATION STANDARDS 


Cities have a direct interest in standards for a number of reasons. 
They are consumers of standards, utilizing them in connection with 
local ordinances and regulations. They enforce compliance with 
standards through surveys and inspections for radiation safety. 
Sometimes, in effect, they may develop standards by modifying or 
disregarding existing recognized standards and establishing new re- 
quirements of their own in local regulations. 

Cities are also concerned with radiation standards because of the 
economic and social factors involved. These standards can affect 
zoning and land use practices and can influence the economy and 
development plans of communities. 

Many cities have already enacted ordinances dealing with radia- 
tion: Philadelphia, Cincinnati, Houston, New York City, Cleveland, 
San Francisco, Los Angeles, and many others. Specific examples 
will serve to illustrate the range of activity in this area. Last year, 
Orlando, Fla., enacted a comprehensive ordinance on radiation. In 
various sections it specified as requirements the recommendations of 
the National Committee on Radiation Protection, at the same time 
providing for local inspection and control. The ordinance contained 
some special requirements: for example, no food products or drugs 
treated by radiation are to be sold or distributed in the city without 
express prior approval of the commissioner of health. 

Also last year, the village of Muttontown, Long Island, N.Y., 
adopted a new village ordinance. It permits certain radiation ap- 
plications in the community if the village board determines that the 
proposed uses are safe. The board may require expert testimony 
and the installation of monitoring devices at the applicant’s expense. 
However, no reference is made to any nationally recognized criteria. 

As additional cities enact ordinance for use of radiation, the situa- 
tion could become chaotic if local authorities are not promptly pro- 
vided with adequate guidance and assistance. Municipal repre- 
sentatives recognize this and in their policy statements have urged 
adoption of uniform national standards. On the basis of the exist- 
ing situation, the following recommendations in this area are made. 

1. Push ahead with development of uniform standards and criteria 
on a national basis so that they will be available for reference and 
use in connection with local ordinances. 

2. Prepare recommended model ordinances suitable for adoption by 
local authorities. In this way, standards can be incorporated in 
regulations in a uniform manner. 

3. Set up a positive program for supplying local officials with in- 
formation and guidance on radiation standards. Tell them that the 
information and assistance are available and encourage them to use 
the service. 

4. Enlarge the capacities of the Federal Radiation Council. Pro- 


vide representation from groups and interests outside the Federal 
Government. 
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On this last point: Congress has wisely established the Federal 
Radiation Council as a statutory body with vital functions and has 
made it possible to expand the organization structure of the agency. 

Local representatives view the “establishment of the Federal Radia- 
tion Council as a salutory move toward the much needed coordina- 
tion of Federal agencies involved” in the radiation field. From the 
local viewpoint, it would certainly be desirable if the Council would 
act up to the full potentialities of its charter. It can and should re- 
flect more than the concern and views of Federal agencies and ex- 
perts. In its deliberations the Council should have the benefits of 
representation from all levels of government—including the local 
government, and from labor, industry, and other nongovernmental 
groups. The Council could provide importance guidance for the 
national policy decisions that must be the basis for sound radiation 
standards and for their practical application locally. It can help 
to stimulate needed research and development work on standards, 
And the Council should see to it that adequate consideration is given 
to the economic and social factors related to the application of stand- 
ards. Finally, the Council can, if it will, have an important role in 
overcoming confusion and building public understanding about the 
benefits and problems of atomic energy and radiation. To help do 
these things, the following should be done: 

(a) An Advisory Board to the Council should be established. It 
could provide the means for increased representation from non-Fed- 
eral groups, without increasing the size of the Council. The Board 
could be as large as necessary without making the Council itself 
unwieldy. Membership could include State and local government, 
labor, industry, and_ professional groups. The Board could meet 
separately, and would be independent in its policy views and findings. 
Joint meetings of Board and Council could be held as necessary. 

(6) The Council should have adequate staff so that it can carry out 
its responsibilities under its charter. There should be sufficient staff 
to provide any necessary assistance to the Advisory Board. 

We mention the professional groups here for a particular reason: 
that is, that at this stage the professional groups are not always being 
brought into the questions that relate to radiation standards and 
applications of atomic energy. For example, in connection with 
recent considerations on sites for nuclear reactors, there were no mem- 
bers from the planning profession, there were no representatives from 
the architectural field, there were no municipal representatives. How 
is it possible to develop recommendations on site locations in connec- 
tion with matters which have specific local interest, without bringin 
in some of the people who know about local problems in the field of 
development ? 


PRACTICAL PROBLEM AREAS 


Inspection and training 


The effectiveness of standards depends upon compliance and meth- 
ods of enforcement. Consequently, inspections to assure compliance 
are of local concern. At present there is a serious shortage of qualified 
persons in this field. This has been previously mentioned to your 
committee by the Advisory Committee on Radiation, and Dr. Wil- 
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liams has mentioned this problem to you in earlier testimony during 
these current hearings. 

It is imperative for reasons of safety that personnel at all levels of 
government be trained in radiation protection work. The local level 
should not be neglected. The participation of trained local personnel 
could result in more frequent inspections and increased assurance of 
safety, and it also might make for more economical inspections. 

In the case of many radiation uses, local personnel, with proper 
training, could make the necessary inspections. Many among local 
personnel have the necessary codudaual background to undertake 
this work: for example, those in health, engineering, and inspection 
departments. However, special training in radiation is essential. 

Public Law 86-373 makes provision for Federal assistance in train- 
ing local personnel, but so far there has not been much progress. A 
definite program should be developed, and local personnel should be 
encouraged to participate. Municipal representatives have urged 
this be done, and the Joint Committee has recommended it. On this 
point, a neutral or passive attitude on the part of Federal agencies is 
not going to do the job. We need a practical program, and we need 
specific encouragement for the local people to participate. 


Information and notification 


Adequate and prompt information is essential if local authorities 
are to properly discharge their responsibilities for local safety and 
welfare. Municipalities should be promptly notified when atomic 
energy licenses are issued affecting their jurisdictions. At present, 
although the locality is the first to get the impact, it is often the last 
to know. Delay in this area can be dangerous. This has been illus- 
trated in the case of several cities. Is there any sound reason why the 
AEC should not directly notify cities when it issues license? Is it 
necessary for cities to be notified only through the States on a delayed 
basis? Some industry officials feel the community should be notified 
before the license is issued. 

In this connection, the proposed criteria for Federal-State coopera- 
tion contain no provision for local notification or for local participa- 
tion in training and inspection. Specific provisions for this purpose 
should be made a requisite to any Federal-State agreement. This is 
very important. The association has made specific resolutions on this 
point, and we hope that the committee will do what it can to see that 
proper notification and proper information will be supplied to com- 
munities. 

Representative Hotrrretp. The requirement by the AEC that the 
application file notice with his local political subdivision would be 
all that would be necessary in this case, and this would take a burden 
of paperwork off the AEC. If the State health departments refuse 
to do their duty, let us put it on the applicant. 

Mr. Sanppank. Mr. Holifield, it is not such a matter of the State 
refusing. ; 

Representative Hortrrerp. Or you could handle this by municipal 
ordinance, requiring any user of isotopes or atomic energy material to 
file with the local body a notice of intention. This is just as simple 
as taking out a building permit or any other kind of a local license. 
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Mr. Sanpsank. That is right. That is something that the associa- 
tion has recommended to municipalities, that they do require local 
registration of all radiation users. 

Representative Houirretp. Of course, if the notice does not come by 
way of a copy of the application or something to the AEC, sometimes 
it would be too late to have the city effectively indicate its interest. 

Mr. Sanpspank. That is right. 

Representative Hoxirrecp. The chairman indicates that most of 
these applications are not long; or if they are long, they could be 
summarized and a copy given at the same time they are filed with the 
AEC. 

Mr. Sanppank. This is true. The point is illustrated by the case 
of Cleveland. In Cleveland, the fire department, just in connection 
with its inspection for other hazardous material, happened to dis- 
cover that there was a substantial amount of highly active material in 
one of the plants. Shortly thereafter a fire occurred in this plant. 
It was fortunate that the battalion chief personally knew about this 
and was able to instruct the firemen when they came to this plant. If 
they had not been instructed, the men could have been highly exposed ; 
and if they had handled the containers of this material carelessly, the 
whole surrounding area could have been exposed. It is important that 
local people be notified in time. 

Representative Hoxirietp. I agree with you on that. It is just the 
method of how to get it done. 

Mr. SanpBank. Yes. 

Representative Hoxirrevp. I have no strong feeling on the matter 
one way or another, but I do think that wherever a local body can 
solve its own problems, it ought to do so without placing an additional 
burden upon the Federal Government. We have passed this act to 
enable local governments to participate in the control, inspection, and 
so forth, and there is nothing to prevent any local body from passin 
an ordinance. They can do it within 30 days, requiring any user o 
isotopes, radioactive material of any kind, to file a notice with the 
local town commissioners or local county commissioners. 

Mr. Sanppank. That is right. If the Commission, the Atomic 
Energy Commission, for instance, would require that licensees do this, 
it would be fine. Just a suggestion, however, will not do the job on 
a uniform basis. 


General licenses 


The AEC is currently planning—let me emphasize that this is as we 
understand it—to broaden its general licensing procedures to permit 
additional devices and materials to be distributed without any specific 
license required for the user. Apparently, also—again, as we under- 
stand it—there is to be no registration of the names and addresses of 
users, not even with the AEC. Thus, there will be no up-to-date rec- 
ord of who has what, and where it is being used. 

In view of the public health principle that all significant radiation 
sources in the community should be sehr: and registered, this pro- 
posed procedure creates some problems. Accidents have occurred 
with such materials and devices. It would be a reasonable precau- 
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tion to at least require registration. To avoid adding further to con- 
fusion and fear, there should be clear explanations of what items are 
covered in these exemptions and what are the safety precautions. We 
feel that there should be greater examination of this proposal to en- 
large general licensing. 


Economic and social factors 


The application of radiation standards involves economic and social 
consideration of major importance to municipalities. This is illus- 
trated in many ways. 

For example, the community may gain some economic benefits 
through new radiation application such as isotopes, as well as ee 
major ones in the way of reactors. However, the benefits may 
outweighed by the direct costs of additional inspections or monitoring 
equipment required to assure compliance with radiation safety stand- 
ards. Practical question: Who foots the bill for these things ! 

A more complex example: In connection with sites for power re- 
actors, the criteria recommended low population density in the sur- 
rounding areas. From a practical local viewpoint, the question arises : 
What can be done to assure that population density will remain low 
in the future? What action should local government take to make 
this possible—zoning, land use regulations, and the like? 

Another proposed criterion for power reactor location recommends 
distances of as much as 10 to 20 miles from a major city. Aside from 
controlling population growth in the intervening area, there are other 
implications. Many cities have municipal power systems. Some of 
them, for legal or financial reasons, cannot acquire distant sites. They 
may therefore be excluded from utilizing nuclear power. 

We mention these things not in criticism of criteria. If for safety 
reasons we need to have distance and low population density, by all 
means we should do so. But we do feel that the Federal Radiation 
Council, the Atomic Energy Commission, the Public Health Service, 
and your committee, too, should consider these things that would hap- 
pen to cities as a result of certain criteria and the application of cer- 
tain standards. 

It is apparent that the criteria for radiation safety will affect local 
development planning. What guides should be provided to assist 
local officials in making sound decisions for the welfare of their com- 
munities? What special studies should be made to provide the needed 
information? Aside from economic investigations, do these problems 
indicate the desirability of any specific technical research on reactor 
design and construction ? 

These are some of the questions and problems in this area on which 
the municipalities need help. The impact comes from a national pro- 
gram which the Federal Government is actively promoting on a large 
scale—over $20 billion invested thus far, plus much scientific man- 
power and technical skills. The resources are at the Federal level. 
It is time for the Federal Government to accept its responsibility in 
this area and direct some of its resources to help find solutions to these 
problems. And we mean it should do so on a very active basis, not in a 
passive way at all. 
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ORGANIZATIONAL, ADMINISTRATIVE, AND LEGISLATIVE RELATIONSHIPS 


Toa large extent, the interests of municipalities are being neglected 
in current plans for dealing with atomic energy and radiation prob- 
lems. This is unwise, for municipalities are directly involved in this 
field, and they have an essential role in providing for radiation pro- 
tection. There should be a positive program to encourage local par- 
ticipation and to supply local authorities with needed information and 
assistance. 


Intergovernmental cooperation 


The effort should be truly intergovernmental, involving Federal, 
State, and local cooperation, with direct contact between Federal and 
local agencies as needed. Full advantage should also be taken of 
assistance that may be available from industry and professional 
groups, including the city planners and industrial developers. When 
we talk about Federal-State-local cooperation, we mean this in a very 
direct, positive way. We feel it is in keeping with the Federal nature 
of our system of government. We do not emphasize Federal-local 
contacts because we are against the States being active in this field— 
far from it. We feel the States should be active and should do a lot 
more than they are doing now. 

However, here is the point. The impact is happening locally in 
hundreds of cities today. There are 50 States, and many are not 
active. ‘There should be direct contact between the Federal and local 
level to fill the gaps. So far, the attitude, especially of the Commission 
and some of the other Federal agencies, has been a very passive one. 
They are being neutral about the whole situation. We feel the Con- 
gress is right, that your committee members were right when they said 
that the Commission should encourage local participation. In many 
cases the local officials do not know that they have responsibilities in 
this field because nobody has told them about it. 

The Municipal Association cannot do this job by itself through its 
information bulletins and so on. The work needs to be brought up 
to the level of national importance. Your committee can help on 
this, and we feel the Federal agencies should take a positive role here 
of guiding, informing, and helping the local officials do their job. 


Federal audit 


While the cities and States will be able to assume increased responsi- 
bilities in radiation inspection and control, it will be necessary that 
local personnel receive training on a continuing basis to keep up with 
changing technology. Also, the Federal Government should periodi- 
cally audit the operation of State and local inspection agencies to 
insure maintenance of adequate standards. We feel this continuing 
audit is a very important consideration. The Federal Government 
should not necessarily have to do all these inspections. We do not 
think it is possible for it to have enough staff or to pay the travelin 
expenses for all of these inspectors, but we do feel that if the States an 
localities are to do this job, there should be a Federal audit, to make 
sure that it continues to be done properly and safely. 
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Clearing house 
A central clearinghouse on atomic energy and radiation problems 
should be established at the Federal level. An important part of the 
information should deal with radiation standards, and it should be 
organized to serve private groups and all levels of government. 
Model codes and ordinances and orientation guides for local officials 
should be among the specific points of emphasis. The clearinghouse 
matter, we feel, is an important thing in this area. Other witnesses 
to your committee have pointed out that there is much information 
available about atomic energy and the effects of radiation. What we 
would like to point out, however, is what they have emphasized, that 
much of this information is not brought together to deal with specific 
subject areas. We feel that the clearinghouse should not be simply 
a point of assembly but that it should do the job of pulling together 
this information on specific points, on standards, on ordinances, on 
methods of measuring, and things of this kind that relate to safety. 

A real effort to provide orientation information to local officials 
could bring added benefits in overcoming confusion and in building 
public understanding in this field. Our experience with Municipal 
Association study indicates that much of the information needed by 
local policymaking officials would also be very helpful for community 
leaders generally. 

Finally, what the Joint Committee can do. Through its investiga- 
tions, hearings, and reports the committee has performed valuable 
service in both the developmental and regulatory aspects of atomic 
energy and radiation. 

It can render further assistance by seeing to it that the necessary 
Federal work on standards and model ordinances goes ahead unabated. 
The committee can also help to encourage prompt action on programs 
that will aid local participation in inspection and training efforts. 

One other thing I might add about what I feel the committee can 
do. These hearings really can serve as an important educational 
medium. Some of them are directed toward subjects which are of 
broad public interest. Perhaps the committee might like to consider 
this, that there are a number of what we might call “learn and tell” 
organizations, which are centered here in Washington. For example, 
among them is the League of Women Voters. If, in connection with 
some of these hearings that are of particular public importance, you 
you were to invite—specifically invite—representatives from such 
organizations to attend, you might be able to do a great deal toward 
creating real parle understanding. These organizations make a point 
of learning about things, telling their membership, and discussing in 
local groups. This might really be a very effective means. 

We are mentioning this because in connection with our studies we 
have found that information provided in an understandable form is 
one of the best ways for overcoming confusion and fear in this field. 
We feel people should be cautious; but basic information printed in 
an understandable way, which can be discussed back and forth across 
the table or in groups, is one of the best methods for doing this job. 

From that point of view, we would encourage the committee to 
take some of the results of your hearings and make them available in 
brief form as special bulletins—not the complete reprint or preprint 
such as you prepared prior to this hearing, but in shorter form. 
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Some of those sections would be very excellent if you made them 
available generally on a wide scale. 

Representative Horirtecp. Thank you, Mr. Sandbank. 

Mr. Hosmer ? 

Representative Hosmer. I have no questions. 

Representative Horirreip. Senator Hickenlooper? 

Senator HickenLoorer. Mr. Sandbank, it seems to me that a sub- 
stantial portion of your statement is devoted to urging direct contact 
between the Federal Government and the municipalities in this field. 
Would it not be more in keeping with our system that the local mu- 
nicipalities exert their influence on their State governments, rather 
than to come to Washington to have Washington short circuit the 
State governments and go directly to the municipalities ? 

Mr. SanpsBank. Our feeling is not that we should short circuit the 
State governments. It is a very practical reason, Senator Hicken- 
looper, and that is this: 

Right now, there are more cities affected by atomic energy and 
radiation developments than States. Several hundred cities are active 
in the way of training. 

Senator Hickrentoorer. Of course, there are more cities affected by 
police problems, as far as that is concerned, than the States as units. 

Mr. Sanppank. I do not wish at this point to get into an argu- 
mentative situation, but let me say this. 

Senator Hickentoorrr. I would just as soon get into one for a 
minute. 

Mr. Sanppank. Well, that is all right with me. However, there 
are some serious practical questions involved in this. 

For instance, the States are simply, at this stage, not on a uniform 
basis competent to provide the assistance that is necessary. You 
Imow that not all States have yet adopted major radiation ordinances 
or laws. 

Senator Hickentoorer. Well, where is the responsibility for that? 

Mr. Sanppank. The responsibility for that lies at three levels: Fed- 
eral, State, and local; that is, to deal with this problem. I am not 
talking now about the responsibility of passing a law. The responsi- 
bility for passing a law, a State law, is at the State level. The re- 
sponsibility for passing a local ordinance is at the local level. The 
responsibility for Federal] action, which you people are concerned 
with here, is at the Federal level. 

The localities cannot force the States to take action. Let me cite 
two specific examples. 

Milwaukee, for example, did this: It had on its books ready for 
action a local ordinance on registration and on radiation contro] for 
2 years. Last year, the city finally informed the State, “Now, look, 
you either pass a State law on this or we will act ourselves independ- 
ently.” They preferred to do it in cooperation with the State. 

The same thing happened in Cleveland and Cincinnati. They had 
a resolution which had been passed by the council in a contingent 
form, and if the State did not act, then the city would. Fortunately, 
last year the State of Ohio did act, and it was not necessary to have a 
separate local ordinance in effect on this point. 

These are some of the practical questions. 





ve 


by 
its. 
yu- 
r & 
ere 


rm 
you 
1ces 


at % 
‘ed- 

not 
nsi- 
; Te- 
The 
rned 


cite 


- for 
| for 
look, 
end- 


r had 
igent 
itely, 
ave & 


RADIATION PROTECTION 517 


Senator Hicken Looper. Well, practicality does not necessarily ex- 
cuse the responsibility of local areas, loca] States. 

I thoroughly agree with a great deal of your statement here, that 
it is highly desirable; and I think this committee has taken that posi- 
tion. I think also the Congress has taken that position, that it is 
highly desirable to write guidelines to establish what we believe, be- 
cause of the experience of the Federal Government and Atomic 
Energy, to have recommended standards; so I agree with that. 

But it seems to me that you are advocating what is often advocated, 
that if a local community does not get exactly what it wants from the 
State, then it attempts to short circuit the State and run to the Federal 
Government, saying the Federal Government should step in and take 
over. That is the whole gist of this question I am raising. 

I think the local communities, using, perhaps, for their arguments 
and for their objectives, the guidelines which the Federal Government 
lays down, which I think should be laid down by the Federal Govern- 
ment as a recommendation, ought to exert their influence on their State 
governments or on the authorities within the States to see that ade- 
quate and proper legislation is adopted so that they can operate within 
the State-Federal system. 

Mr. SanpBank. Two things, Senator: one, that is exactly what we 
recommended to the cities in this report on the “Community Impact 
of Peaceful Applications of Atomic Energy.” We recommend specifi- 
cally that they do this, and cities are doing it. I mentioned, too, that 
there are cities—Milwaukee, Cleveland, Cincinnati, and others—that 
have taken exactly this position of urging and in some cases attempt- 
ing to force the States into positive action in this field. 

But let me cite this. When we build a big bridge in this country, 
we do not stop the ferry service until the bridge is completed and the 
approaches are all prepared. It is from that point of view that we 
feel that until the States are in a position to act, we do not stop the 
ferry service between the Federal Government and the local officials. 
This area is too important for the Nation, it is too important for local 
people, to neglect the safety and to neglect the regulations and activi- 
ties which local people ought to be taking. Whether they know it or 
not, they ought to be active in this field. We feel that the active role 
should be between the Federal Government and the localities, the Fed- 
eral Government and the States, and that all three of them should act 
together. But we do not neglect any area. If necessary, there should 
be Federal-local direct cooperation, if we need it in order to provide 
for safety. 

This is what we are talking about. Don’t stop the ferry service 
until the bridge is finished. 

We are hopeful, Senator, that eventually the States will be in a 
position to have a real program so that they will be able to work with 
the cities and the Federal Government in a reall cooperative manner. 
But until they do, we feel that the Federal Government, which is 
creating this impact and doing so much to increase atomic energy and 
oo applications, should face up to its share of the responsi- 

ility, too. 

Senator Hickentoorer. Well, public safety is a very vital field of 
responsibility. 
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Mr. Sanpsank. I do not think there is any disagreement between 
us on this point. 

Senator Hickenioorer. Do you advocate the Federal Government 
dealing directly by the FBI with the local communities on the setting 
up and establishment of their public safety situations and authori- 
ties? Or should they deal with the States? It is a question of local 
responsibility. 

As I say, I agree with the overwhelming part of your very well 
thought out statement here, but what I am arguing about is this: 
instead of throwing up your hands as municipalities and running 
to the Federal Government and saying, “Now, Federal Gov ernment, 
come and take over directly to the communities, and bypass the States 
here,” if the States are not quite prepared to do it, I think the effort 
that the municipalities should put forth is to see that their own States 
adopt proper laws, proper regulations, proper means of policing this, 
and so on. I think as a matter of responsibility the State would be 
bypassed if the Federal Government stepped in and started dealing 
directly on these matters with the communities. 

Mr. SanpBank. We feel the States should be active; they should 
have a greater role than they now do in this field. 

Senator Hicken Looper. We feel that way, too. This committee 
has so expressed itself many times, and this committee has done a tre- 
mendous amount of work in attempting to encourage uniform statutes 
within the States, and things of that kind. 

Mr. SanpBank. Senator Hickenlooper, let me put it the other way 
around. I feel you would probably agree with this, that we should 
not neglect to do anything that needs to be done in order to assure 
two things: sound technological progress in this field and adequate 

safety for the people. And I mean we should not neglect to do any- 
thing that needs to be done. 

You agree with me on this point, I believe. 

Senator Hicken Looper. I agree that that is certainly the objective. 

Mr. Sanppank. Yes; this is s the principle on which I think both of 
us would operate. 

Senator Hickentoorer. But it is the manner in which you do it. 

Mr. Sanppank. That is right. 

Senator Hicxentoorrr. You and I may disagree as to the way the 
laws are enforced in certain States on certain problems of local im- 
portance. But just because we are maybe a little dissatisfied, in cer- 
tain instances here, does not necessarily justify the Federal Govern- 
ment in bypassing the States completely and operating directly with 
municipalities. 

Mr. SanpBaAnkK. We do not recommend that you bypass the States. 
There has been nothing in this statement nor, I think, in the views of 
local officials generally speaking, to justify any such statement. We 
do not recommend that at all. The only thing we are recommendin 
is that we do not neglect any steps that are necessary to assure sal 


progress and safety at the same time. We feel at this stage of the 
game that it is necessary to use every possible means to get the right 
information to the local people to encourage them to act, to do what 
they ought to do. You suggested it be done, because you know; you 
have the facts and you have the resources in the Federal Government. 
I think you should do this. I think it would be wrong if, at the Federal 
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n level, we neglected to do these things just because the States are not 
yet ina position. We hope the States will be. ay 
it Senator HickenLoorer. Well, why are they not in a position? 
g Mr. SanpBank. We wish we knew better than we do. 
1- Senator Hickentoorer. I mean, the States are in just the same 
al position as the municipalities are. They have the access to the same 
information. It would seem to me that the municipalities, if they feel 
tl this need keenly, ought to exert their pressure, their arguments, on 
S: their State legislatures to get these things done. 
1g Mr. SanpBank. Oh, they do this, Senator. J 
it, Senator Hicken.oorer. I do not know how you feel about it, but 
es certainly I feel this committee has been very zealous in examining 
rt into this matter, in making recommendations, and in holding hearings 
es on what would be desirable as uniform approaches to thisthing. Mani- 
is, festly, we have not completed the job, and I do not know when we 
be will complete the job. Probably it is a continuing thing as new 
ng problems arise. But I did understand from your statement that you 
advocated direct contact between the Federal Government and the 
ld municipalities, because of the delays which you say occur in the filter- 
ing down of these things from the States through the municipalities, 
tee as a desirable procedure. That is the only thing I am quarreling 
re- about. 
tes I think instead of urging the Federal Government to bypass the 
States, which I consider to be a bypassing of the States and the State 
ray responsibilities, you should devote as much pressure as you can in 
ald seeing that the States do what should be reasonably done in this 
ure area. 
ate Mr. SanpBpank. Would you accept this view, that if the cities do 
nv- what they can to get the States to provide the necessary service and 
: are not yet successful, it is proper for the cities to come and tell the 
Federal agencies, “Now, look, we need help. Our States don’t have any 
ive. people who know anything about these problems who can give us the 
» ot assistance we need. Will you give it?” 
Senator HickenLooper. I would hesitate a long time before I would 
» it adopt that philosophy, because what one city or another city might 
think is perfectly proper might not be agreed to by some of the cities 
the in the State. I can just give you an illustration of that, having served 
ime inmy own State legislature several years. 
cer- Periodically, a city would come to the State legislature and want 
orn an alteration in the laws which would be especially applicable to that 
vith city. But from the State’s standpoint, it was considered to be in many 
cases a very bad thing. But that city for a while was very restless, 
ates. because the State would not quite do what that city wanted it to do. 
7s of So what is right for a city sometimes becomes a composite thing for 
We a whole State. Just because a municipality thinks that the State is 
din not doing exactly what that particular municipality thinks it should 
un do is not necessarily, in my opinion, a basic reason for that munici- 
tthe | Pality or another municipality in the same situation to write to the 
right | Federal Government and say, “Well, you deal directly with us, be- 
what | Cause our State government will not do exactly as this or that par- 
. you | ticular municipality wants it to do.” 
nent. I think the problem lies within the States, but with guidance fur- 
deral | nished by the Federal Government, as far as standards are con- 


cerned, and things of that kind. 
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Mr. SAnpBANK. Well, you know the expression, “It is good law but 
bad practice.” What you have said may be good theory, and I agree 
with it in theory, in terms of public administration and government. 
But when you come to practical questions of, do we do everything we 
can to protect people now, I believe that we must even disregard some 
of the general principles and take practical action when it is needed 
to be done. I think this is the point of difference between us. 

Senator Hickenvoorer. I still get back to the public safety fea- 
ture, and I think there is some comparable situations here. Public 
safety in local communities is a very vital thing as far as people are 
concerned, as far as crimes are concerned and things of that kind. 
But I still would not advocate that the municipalities, even though 
some of them might be a little restless with their local laws, have the 
Federal Government step in and attempt to deal with them directly 
on local law enforcement problems. 

Mr. SanpBank. There is clearly here a divergence. The views ex- 
pressed here in my statement are not intended to bypass the States. 
We are in fact recommending a complete cooperation in which the 
State plays its part and the Federal Government has its responsibility 
and the localities have theirs. We believe that there should be a truly 
intergovernmental relationship here. 

But I do not think that we will come to a specific agreement. May- 
be we should get off sometime and get into the problem of semantics 
between us. I do not know. I think in general that you and I are in 
agreement, Senator, on this subject, that we must do everything we 
need to do to provide protection for people, and that the forms that 
we use are not as important as gaining the objective. 

Senator Hickenwoorer. I think that is all. 

Representative Hottrretp. Senator Aiken ? 

Senator ArkEeN. Do not the municipalities, most of them, derive 
their powers, at least for health standards, from the States? 

Mr. Sanpsank. That is true; they do. 

Senator Arken. And where does the State get that power to re- 
delegate to the communities, the municipalities ? 

Mr. SanpBank. The States have this power. 

Senator Arken. It is a constitutional power of the State, is it not? 

Mr. Sanppank. According to our constitutional form of govern- 
ment, that is correct. 

Senator Arxen. Therefore, if you are going to change that so that 
the Federal Government delegates the power or gives the instruction 
to the communities, would you not require a constitutional amendment, 
rather than a law? 

Mr. Sanpsank. No; I think we are talking about two different 
things. 

Senator Arxen. No, I am talking about what I am talking about, 
because what you are talking about could conceivably lead to what 
I am talking about. I thi erhaps we will not go into it, but it 
is my opinion that because the delegates gave the Federal Government 
the authority to direct or influence or license the various municipal- 
ities to set up the standards for health in one field is no reason why 
you should not in the other field, too. 

Senator Hickentoorer. I think you are talking about the 10th 
amendment to the Constitution, Mr. Aiken—— 

Senator Arken. That is right. 
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Senator HickeNLoorer (continuing). Which has suffered several 
bulges in times past, but it is still an amendment. 

Senator Arken. For instance, I do not know what city you are from, 
but in Philadelphia, Boston, New York, or Chicago you would not 
accept milk for sale in the city that qualified only under the Federal 
standards as they are at the present time. You get the authority to 
set higher standards from the State. I believe you would have to 
have some constitutional changes before you could deal directly with 
the Federal Government. 

Mr. Sanpsank. Some of the questions of law in this area are now 
undergoing court review. You know that in some cases the cities 
have passed ordinances, which they were able to do under State law. 
They are doing it, and they are making them stick. In some cases 
the ordinances have been turned over. 

But we are not here talking about a matter of constitutional law. 
Let me emphasize again that the recommendations were not made on 
the basis of the law of the matter, but on the basis of the practical 
problems involved in technological progress and human safety. We 
feel, and I am sure you do, too, that if you have the power to prevent 
danger, you will exercise it if it is necessary to do it, even if the law 
does not say you should, as long as the law does not say that you should 
not. This is the prerogative and I think the responsibility of all of 
us as just plain Americans, whether we are Federal, State, or local; 
and this is the basis for these recommendations. We feel that since 
the Federal Government has the knowledge and has the resources, 
and as long as the States do not, then if there is a local problem, the 
local people ought to be able to come and get the help, even if the 
States who form the other part of the triangle are not yet in a position 
to work in thisarea. We hope they will be. 

Representative Hourrrevp. I think you have made your case pretty 
plain, Mr. Sandbank, and we appreciate your testimony this morning. 
Your recommendations will receive careful consideration by the com- 
mittee. Thank you very much. 

Mr. Sanpsank. Thank you, sir. 

(The attachments submitted by Mr. Sandbank follow :) 


[Attachment No. 1] 


NATIONAL MUNICIPAL POLICY STATEMENT ON ATOMIC ENERGY ADOPTED BY MUNIC- 
IPAL CONGRESS, AMERICAN MUNICIPAL ASSOCIATION, DENVER, COLO., NOVEMBER 
1959 

ATOMIC ENERGY 


Local communities and local officials have a direct concern and interest in the 
peaceful applications of atomic energy. The developments in this field mean 
new processes, new products, and new types of industrial plants in many local- 
ities. It also means new considerations in the operation of local government, in 
the responsibilities of local officials, and the health and safety of local people. 
Already several thousand firms and laboratories are licensed to use nuclear ma- 
terials in some 1,500 cities and towns across the country, and the number is 
increasing. 

If local officials are to properly discharge their responsibilities for the health, 
safety, and welfare of their communities, it is necessary that they be informed 
about the developments in this field, and the specific community problems that 
result. In view of the continuing expansion in this field, it is imperative that 
local communities begin immediate preparations to deal with the impact of the 
peaceful atom on health, fire, police, planning, and other activities of local gov- 
ernment. We therefore resolve: 
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2-1. We urge the Atomic Energy Commission and other responsible organiza- 
tions, including industry, to sponsor and assist in the preparation of such specific 
studies as may be needed to assist local governments to adjust to the impact 
of peaceful atomic energy activities such as: transportation and handling of 
nuclear materials, disposal of radioactive waste, special training of local per- 
sonnel, and development of needed local ordinances. Further, that the results 
of such studies be published and made available in guide form—suitable for use 
by local officials. 

Standards and model codes and ordinances are urgently needed to guide and 
assist in local programs. Research in this area should push ahead unabated. 
The National Committee on Radiation Protection, the American Standards Asso- 
ciation, and other groups should be encouraged to accelerate their efforts. The 
Federal Government, professional and industry groups should provide all possible 
assistance. 

2-2. When atomic energy licenses are issued, prompt notice should be given 
to the communities in which the licensees are to operate. At present, although 
the locality may be the first to get the impact, it is often the last to know. Delay 
may be dangerous by causing neglect of essential local protective measures. It 
may be necessary for the AEC to notify communities directly in order to assure 
prompt local notification. 

2-3. Member municipalities are urged to pass an ordinance requiring those who 
handle and use atomic or radioactive materials in the community, to register 
same with local government and that a specific local officer be designated for that 
purpose, Cities are also urged to consider setting up of proper facilities to 
monitor the radioactive conditions in the atmosphere, water supply, and general 
environment. 

2-4. A central clearinghouse of information on the local impact is urgently 
needed. At present it is necessary for local officials to make requests to many 
different offices in order to find out what information is available on such basic 
matters as standards, training, and the like. Then, the informution is often in- 
complete. A central clearinghouse of information in this field should be set up 
on a national basis at the earliest possible time, and its location should be 
publicized. 

2-5. Training is a critical factor in local programs. Prompt effort should be 
made to build a reservoir of health and engineering personnel with a background 
in radiation use and protection. This is a long-range objective, and will require 
the cooperation of all levels of government, educational institutions, and other 
groups. Meanwhile, special programs are needed to provide existing local per- 
sonnel with necessary training. The Federal Government should quickly pro- 
vide assistance and financial support to stimulate efforts under Public Law 
86-3738. 


ATOMIC ENERGY AND PUBLIC HEALTH 


2-6. Important in thé consideration of the development of new and challenging 
applications of atomic energy is the need to safeguard all persons from the 
dangers of ionizing radiation. The association believes the establishment of a 
Federal Radiation Council to be a salutary move toward the much needed coordi- 
nation of Federal agencies involved in this complex problem. The association 
views with some apprehension the continuation of a situation where no single 
Federal agency is delegated sole responsibility for the protection of the public’s 
health from the harmful effect of ionizing radiation. In future delegation of au- 
thority and responsibility from the Atomic Energy Commission to State govern- 
ments, as authorized by Public Law 86-373, the AMA urges that cognizance be 
made of the important role to be played by municipalities and that procedures ve 
established whereby these municipalities can and will be involved in all plans 
and operations which may affect them. 


[Attachment No. 2] 


STATEMENT OF THE AMERICAN MUNICIPAL ASSOCIATION ON RADIATION STANDARDS 
SUBMITTED BY PaTRicK HEALY, JR., EXECUTIVE DIRECTOR 


The American Municipal Association is the national representative of ap- 
proximately 13,000 municipal governments throughout the United States and 
Puerto Rico. It is organized on the basis of affiliation with State leagues of 
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municipalities in 47 States, plus 225 direct member cities. Cities eligible for 
direct membership must have a population of 50,000 or more, be a State capital, 
or one of the State’s 10 largest cities. 


RADIATION STANDARDS 





Several factors must be recognized primarily to demonstrate the need and 
requirement for controlling radiation hazards on a local as well as the Federal 
level. The great expanse of our Nation, the recognized advantages of regional 
and decentralized administration, and the long experience of States, municipali- 
ties, and local governments in enforcement and inspection in health, safety, and 
industrial fields, are all easily acknowledged reasons for a sharing of this awe- 
some responsibility. 

More than half of the States have already taken action either through legis- 
lation or through adoption of regulations. An examination of their varying 
provisions serves to demonstrate a very important, and thus far neglected, need 
for a single set of standards on maximum levels of radiation exposure. This, in 
our opinion, is the responsibility solely of the Federal Government, which has 
the broadest interest in protecting the health and safety of its citizens and 
which through its preemption in the nuclear energy field has acquired the best 
knowledge and facilities to guide it in this important function. Unless such 
uniformity is established, the efforts of the States, municipalities, and local gov- 
ernments will result in a hodgepodge of conflicting and chaotic regulations. 

In the event that such a uniform standard is set, there still remains for the 
States the problem of the shortage of trained personnel to carry out inspection 
and enforcement of standards. It is doubtful that the States can develop the 
technical staffs or acquire the necessary facilities in a satisfactorily short 
period of time to deal with these problems adequately and effectively. The 
municipality, the governmental level which is closest to the citizen in matters 
affecting his everyday life, is more likely to assume this responsibility in making 
inspections of industrial establishments within its confines and in effectively 
enforcing the standards. 

The need for a Federal-State-municipal relationship must be recognized and 
such a relationship established and maintained in order to insure the most 
effective and expeditious cooperation on all three levels. It is emphatically 
recommended that the role of the municipalities in inspection and enforcement 
of radiation standards be recognized by legislative direction to the effect that 
the Federal agency, whether the Atomic Energy Commission or the Public Health 
Service, which the Congress in its wisdom will decide is best suited to adminis- 
ter radiation control, is empowered to deal directly with the municipalities in 


carrying out this vital measure for the preservation of the health and safety of 
our citizens. 


Representative Hotirretp. Our next witness will be the Secretary of 
Health, Education, and Welfare, the Honorable Arthur S. Flemming. 


















STATEMENT OF ARTHUR S. FLEMMING, SECRETARY OF HEALTH, 
EDUCATION, AND WELFARE; ACCOMPANIED BY DR. J. D. PORTER- 
FIELD, DEPUTY SURGEON GENERAL, PUBLIC HEALTH SERVICE; 
JACK HARVEY, DEPUTY COMMISSIONER, FOOD AND DRUG AD- 
MINISTRATION; DR. ALLEN V. ASTIN, DIRECTOR, NATIONAL 
BUREAU OF STANDARDS; DR. DONALD CHADWICK, SECRETARY, 
FEDERAL RADIATION COUNCIL; AND DR. CLINTON POWELL, 
PUBLIC HEALTH SERVICE, MEMBER, FIRST TASK FORCE, FED- 
ERAL RADIATION COUNCIL, AND MEMBER N.C.R.P. & M. 


Representative Horrrrep. Mr. Secretary, it is certainly a pleasure 
to have you before us. We recognize what a heavy schedule you have 
had and how difficult it has been for you to get away from your other 
witness duties with another committee, the Committee on Ways and 
Means, and we are happy to have you here this morning. 

584546034 
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Secretary Ftemmine. Mr. Chairman, may I say I certainly appre- 
ciate the committee’s patience and understanding. I am sorry I have 
been tied up with the other committee as continuously as I have. 

Representative Hoxtrrecp. We feel that as head of the Federal 
Radiation Council you are a very important witness to us. As your 
subordinates have probably told you, we have been exploring the pro- 
cedures of the Federal Radiation Council, and undoubtedly we will 
have a number of questions to ask you. I see you have a prepared 
statement. You may proceed with that, and then we will ask you the 
questions. 

Secretary Fremmine. Mr. Chairman, this is a very brief opening 
statement. I appreciated very much your giving Dr. Chadwick 
the opportunity of presenting to the committee the statement that I 
prepared for the hearing on May 25. In the statement that Dr. 
Chadwick presented here last week, the origins of the Federal Radia- 
tion Council and its activities to date were described. In addition to 
creating the Council, which was later made statutory, the President last 
year directed that the Department of Health, Education, and Welfare 
intensify its radiological health efforts and have primary responsi- 
bility within the executive branch for the collation, analysis, and in- 
terpretation of data on environmental radiation levels, including 
natural background and medical and industrial use of isotopes and 
X-rays and fallout. This was to be done, the President stated, “so 
that the Secretary of Health, Education, and Welfare may advise the 
President and the general public.” 

In accordance with this mandate I proceeded immediately to make 
specific delegations of responsibility for the Department’s various 
radiological health activities, focused primarily in the Public Health 
Service and the Food and Drug Administration. These were spelled 
out in a revision of the Department’s internal manual which was 
made public on August 26, 1959. I offer a copy of that announce- 
ment for inclusion in the record at this point. 

Representative Hortrretp. That will be included in the record. 

(The statement referred to appears in app. 3, p. 597.) 

Secretary Firemmina. The details of radiological health activities 
of the Public Health Service and the Food and Drug Administration 
have been set forth in the volume of selected materials issued prior 
to these hearings and in testimony presented by Dr. John D. Porter- 
field, Dr. Francis J. Weber, Commissioner George P. Larrick, Dr. 
Edwin Laug, and others. Among these statements there are frequent 
references to organizational, administrative, and legislative relation- 
ships and problems, the topic of our discussion here today. Therefore, 
I will limit my direct statement on this topic to some general 
observations. 

As we all know, ionizing radiation has the potentiality of affecting, 
both beneficially and adversely, every individual and every major 
interest in our country. A force so powerful is automatically of major 
interest to many segments of both the legislative and executive 
branches of the Federal Government. 

This means, for example, that persons in both branches of the 
Government, as well as persons outside of Government, need to be 
kept up to date on relevant facts. This is why the Radiological 
Health Division of the Public Health Service is now issuing a new 
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publication called Radiological Health Data. The May issue of this 
periodical has just been released, and copies have been made available 
to the committee. 

Responding to the Presidential directive that our Department 
assume major responsibility within the Federal establishment for the 
collation, analysis, and interpretation of radiological health data, the 
Public Health Service last fall set up a special organization within 
its Division of Radiological Health for this purpose. Last December 
we decided that the environmental radiation data collected by this 
program should be assembled each month into a monthly statistical 
publication and made available to the Congress, the executive depart- 
ment, individual scientists, State and local health agencies, universi- 
ties, special libraries, professional organizations, and the public. 

To insure that the responsibilities and resources of other branches 
of the Government would be represented in this publication, a board 
of editorial advisers has been appointed, with representatives from 
the Atomic Energy Commission, and the Departments of Defense, 
Commerce, and Agriculture, as well as our own Department. 

As a result of this activity, there is now available in a convenient 
form data previously issued separately at varying intervals by many 
different sources, as well as new types of data that are steadily being 
developed. 

An example of the attention being given to a coordinated considera- 
tion of the facts on environmental radiation as new data become avail- 
able was a recent action by various Federal agencies in connection 
with findings by the Atomic Energy Commission of high levels of 
strontium 90 in wheat products, especially bran. 

These findings were brought to our attention by the Atomic Energy 
Commission, and it was agreed that every effort should be made to 
determine the significance of these findings so that the data could be 
properly interpreted when they were made public. 

Specifically, what we wanted to determine was whether these levels 
of strontium 90 constituted a health hazard and, if so, what action to 
protect the public health should be taken. The Public Health Service 
and the Food and Drug Administration concluded that the present 
intake of strontium 90 from all dietary sources, even allowing for 
above-average amounts of bran, does not constitute a public health 
hazard warranting any regulatory action. This conclusion was con- 
curred in at a special meeting of the Federal Radiation Council in 
which a representative of the Secretary of Agriculture participated. 

Accordingly, a press statement was issued to this effect simul- 
taneously with the release of the Atomic Energy Commission report 
containing the strontium 90 findings in wheat. I am submitting a 
copy of this statement for the record at this time. 

Representative Hoxtrrecp. That may be included. 

(The statement referred to appears in app. 4, p. 605.) 

Secretary Firemmine. I believe that progress has been made during 
the past year toward establishing the foundation of a nationwide 
radiation protection program for the general population. With in- 
creased funds requested by the President and made available by the 
Congress, research, training, and technical assistance to State agencies 
have been markedly increased by the Public Health Service, and pro- 
gressively greater efforts planned for the years ahead. The radiation 
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surveillance networks are being expanded and strengthened. New 
laboratories have been established. 

The Food and Drug Administration has increased and sharpened 
its radioactive surveillance programs within the limits of its financial 
and manpower resources. To this end, there has been an augmenta- 
tion of existing instrumentation for radioactivity measurement. A 
new laboratory to house this equipment has been completed. Studies 
designed to improve sampling and analytical techniques and to learn 
more about the effects of industrial food processing in reducing or 
eliminating radioactivity have been initiated. 

We will be glad, of course, to furnish to this committee any addi- 
tional information the members desire to receive. 

Representative Hotirimtp. Thank you, Mr. Secretary. 

Mr. Hickenlooper ? 

Senator Hicken.ooprr. I do not believe I have any questions, Mr. 
Chairman. 

Representative Hotirrecp. Mr. Hosmer ? 

Representative Hosmer. No questions. 

Representative Houtrretp. Senator Aiken ? 

Senator Arken. Yes. 

Mr. Secretary, you indicate you use samples of vegetables or hay 
for determining the amount of fallout. Do you take it before a rain, 
after a rain, or halfway between rains? Would that not make a great 
difference as to this accumulation, whether it was perhaps of 3 weeks 
or a month ? 

Secretary Fiemminc. Senator Aiken, Dr. Harvey, who is the 
Deputy Commissioner of the Food and Drug Administration, is with 
me, and they have operating responsibility in that area. I will ask 
him to respond to your question. 

Dr. Harvey. Senator, it is not necessary to take it in any par- 
ticular relation to the last rain. Samples may be taken at any time. 

Senator Arken. I did not understand you. 

Dr. Harvey. Samples are taken regularly and usually periodically, 
but they are not necessarily related to the last rainfall, if I understood 
your question. 

Senator Arken. They are not? 

Another thing is, I notice that you use spinach as an example. In 
taking samples of spinach, do you take curly leaf spinach or smooth 
leaf spinach ? 

Dr. Harvey. We take either one or both. 

Senator Arken. Would there not be difference? Would not the 
curly leaf spinach collect much more fallout than smooth leaf spinach ? 

Dr. Harvey. Of course, the contour and texture of the leaf does 
made a difference; yes. It is different vegetation. 

Senator Arxen. I do not think I have any more questions, but I do 
think that the ones I asked were pertinent. 

Secretary Ftemmine. Senator, I agree. 

Representative Horirtetp. This shows the advantage of having a 
farmer on the committee. He knows about curly leaf as well as 
smooth leaf spinach, and many of us in the city do not. 

Mr. Secretary, during the course of the hearings there have been 
quite a number of problem areas explored. Your Doctor Chadwick 
made a very fine statement here, and there has been quite a bit of 
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concern expressed on different points. I am going to pursue a line of 
questioning this morning which is intended to clarify some of these 
points on the written record. 

Secretary Fitemminea. Yes, sir. 

Representative Hoirterp. The first thing that I want to bring up 
is that in the statute, the President was given the power to appoint 
certain members and such other members as should be appointed, as 
you know. 

Secretary FLtemmine. Yes. 

Representative HotirreLp. The question has come up frequently and 
from some of the witnesses as to why there have not been other desig- 
nees appointed, with the exception of the Secretary of Health, Educa- 
tion, and Welfare, the Chairman of the Atomic Energy Commission, 
the Secretary of Defense, the Secretary of Commerce, and the Secre- 
tary of Labor. In other words, why have no representatives of pub- 
lic interest groups such as the Council of State Governments or the 
municipalities, been appointed ? 

Secretary FLemmine. Mr. Chairman, I understand Mr. Staats, the 
Deputy Director of the Budget, also addressed himself to this problem. 
As I understand it, in connection with the Executive order that was 
issued prior to the time that Congress passed the law dealing with the 
Council, it was the thought that the President might decide from time 
to time that he would like to add to the membership of the Council the 
heads of other agencies. For example, it is clear from the discussion 
we have had with Senator Aiken that at various points the Depart- 
ment of Agriculture has a very real interest in some of *hese issues. 

Addressing myself to that first, consideration has been given from 
time to time as to whether we should make a recommendation to the 
President to add to the membership in terms of heads of other depart- 
ments. Up to now, we have felt that we could deal adequately with 
the interests of the other departments by inviting them to participate 
when specific matters affecting those departments were considered. 
This matter involving bran, for example, that I referred to in my 
opening statement, is a good illustration. During our discussion of 
that, the Assistant Secretary of Agriculture, Mr. Peterson, partici- 
pated in it throughout. 

However, we do not have any closed minds on that at all. We really 
have been trying to get some experience to see whether or not we 
should make a recommendation for additional members. As far as 
membership from outside of the Government is concerned, I think 
Mr. Staats reflected rather accurately our thinking up to the present 
time. 

Take for example the normal contacts of the Department of Labor 
with certain segments of the population. It was felt and hoped that a 
representative of the Department of Labor would be available at an 
time to discuss these matters with those segments of ulation. He 
would not only be available, but would also take the initiative in dis- 
cussing with them some of the issues that we were considering, and 
that their views would in turn be reflected in his participation in meet- 
ings of the Council. 

Personally, I do not have any dogmatic feeling regarding this at 
all. I just recognize that if you started moving in the direction of 
appointing representatives from the outside, it might become a rather 
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large body. You will appreciate better than I do that there is hardly 
any segment of our population that does not have some interest in 
this particular problem. 

Representative Hoxrrretp. The committee has no position on this, 
of course, as you know. 

Secretary FLemaine. That is right. 

Representative Ho.trrexp. And the language was permissive and 
not mandatory. 

Secretary FLemmrnc. That is right. 

Representative Houirrep. But ‘it has been a matter that has been 
explored. 

I would like to go into some questions in regard to just what the 
Council actually proposes to do. 

Do you consider that this is completely advisory in nature? 

Secretary Fiemmine. Mr. Chairman, it is my interpretation of the 
law that the Council is advisory to the President. 

Representative Hoxirietp. Does it draft formal recommendations of 
policy which are referred to the President for approval and then be- 
come, in effect, almost as authoritative as a Presidential directive? 

Secretary Fiemmine. That is my feeling as to the proper way to 
proceed under the law. In other words, the document that the Presi- 
dent approved a few days ago and that he directed be published in 
the Federal Register, I think, is a good illustration of the statement 
that you have made. In other words, as I see it, the Council in this 
area has a relationship to the President that is very comparable to 
the relationship of the National Security Council to the President. 
It advises the President, the President then acts on the advice, and 
communicates his decision in an appropriate manner. 

I would like to say that I feel we have a responsibility as a council 
to determine, not for ourselves, but for him, how the advice or the 
instructions that he issues are being followed, and that we have a 
responsibility to prepare for him periodically a statement as to what 
the various agencies are doing under his instruction. If we feel that 
some of the agencies are not, let us say, properly following his in- 
struction, we have a responsibility to make a recommendation to him 
as to action that he might decide to take; but it would be up to him 
to decide whether or not he was going to do that action. 

Representative HorirreLp. As we understand it, you have a very 
limited staff. Dr. Chadwick, I believe, is what would correspond to 
an executive secretary of the group. 

Secretary Ftemminc. That is correct. 

Representative Hoxrirretp. We understand that there are no other 
professional employees. I assume you must have a secretary to write 
his letters for him. 

Secretary FLemminc. That is right. 

Representative Hourrretp. And we also understand that the Coun- 
cil is only meeting about once a month, and that in most instances the 
Cabinet ‘officers have not attended but they have designated sub- 
ordinates to attend. If that is not correct, please correct the record. 

Secretary Fremmine. Mr. Chairman, I ‘think that is a fair state- 
ment. As far as the attendance of the Cabinet officers is concerned, 
I personally have attended all of the meetings. 
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Representative Houiriep. I was not pinpointing or criticizing. 

Secretary FLemmine. No; I know. 

Representative Hoxirrevp. I recognize that you have many other 
duties. 

Secretary FLemmine. Yes. 

Representative Hortrrecp. But it comes back to the point that des- 
ignees, in most instances, are preparing these policy recommenda- 
tions. I recognize that you have the right of scrutiny or approval or 
disapproval or modification. 

In exploring during the past several days memorandum No. 1 so 
called, we found quite a bit of ambiguity in it. We found that, for 
instance, in part 7, if you have it before you, there was language which 
to us, at least, and to many of the scientists who testified, was quite 
ambiguous. It says that 





the Federal agencies apply these radiation protection guides with judgment and 
discretion to assure that reasonable probability is achieved in the attainment of 
the desired goal of protecting man from the undesirable effects of radiation. 
The guides may be exceeded only after the Federal agency having jurisdiction 
over the matter has carefully considered the reason for doing so in the light 
of the recommendations in this paper. 

The practical effect of that seems to be that you have established a 
so-called guide area, maximum and minimum recommendations, and 
within this area the agencies are supposed to follow them. 

Then you go on with the last sentence and you provide an escape 
clause there, which may be necessary, but as far as the recommendation 
is concerned, it seemed to have the effect that if an agency gives careful 
consideration for exceeding, let us say, the maximum exposure limit, 
they may do so. Nowhere in this recommendation, as such, do we 
find any real control on the part of the Federal Radiation Council 
over this exceeding the bracket of permissible exposure, nor do we find 
any requirement for a hearing, a justification before the Federal 
Radiation Council, the final approval or disapproval of the Radiation 
Council. Therefore, it seems to us, after hearing the testimony and 
reading part No. 7, that it is a pretty innocuous provision. It could be 
a pretty innocuous provision if an agency deemed it advisable. 

Would you comment on that? 

Secretary Fremmine. Mr. Chairman, I would be very happy to. 
And just before I comment on the specific point that you have raised, 
may I just make a comment on the question of staff and the attendance 
at the meetings of the Council, as just a further observation. 

You are correct, of course, in your statement relative to the size of 
the staff. I know it has been brought out to the members of the com- 
mittee that we have been leaning rather heavily, first of all, on a work- 
ing group; and then, in addition to that, on what has been referred to 
as “temporary staff.” For example, a temporary staff gave full time 
over a period of time to work on this particular document; as you 
know, another temporary staff has now been set up in order to take the 
next step that we feel needs to be taken in order to discharge the 
responsibility. 

epresentative Hosmer. Will you detail what that is, what the next 
step is? 

ecretary Fiemmina. Yes. That was in my testimony of May 25, 
Congressman Hosmer. I included in it a memorandum that was ad- 
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dressed to me from the chairman of the working group of the Federal 
Radiation Council, and which was entitled “Further Work of the 
Council Staff.” 

Representative Hosmer. You do not have to read it. Just tell us 
about it. 

Secretary Fremuine. It is very brief. 


In accordance with your request, the working group has prepared the following 
memorandum indicating the direction of further work of the staff of the 
Federal Radiation Council. No specific numerical recommendations for radio- 
activity concentration guides are provided at this time. There is, therefore, an 
important need for guidance to the Federal agencies on environmental contamina- 
tion with radioactive materials, particularly those which represent an internal 
radiation hazard. Action has been initiated, directed toward the development 
of such additional guides for radiation protection. A second temporary full-time 
staff began work May 2, 1960. 


And then we identified the members of that temporary staff. 


Working plans for the development of additional guides are currently being 
formulated. It is expected, however, that the general approach will be similar 
to that followed in the development of the initial staff report of the Federal 
Radiation Council. 


Then, Mr. Chairman, just one comment on attendance at Council 
meetings. 

We did provide the staff, I think, with a list of attendance at each 
meeting of the Council. If you run down through that, you will 
notice that Secretary Mueller and Secretary Mitchell have participated 
at various times, as has Chairman McCone of the Atomic Energy 
Commission. It is certainly true that in most of the meetings the 


Atomic Energy Commission was represented by Commissioner Flo- 
berg, and I understand that Chairman McCone asked him to specialize 
as far as work on the Council was concerned. 

I am sure you also noticed that all but one of the meetings were 
attended by Dr. Kistiakowsky, who is the President’s scientific adviser, 
as you know. 

You and I both appreciate the fact that when you set up an inter- 
agencies’ committee of this kind, the head of the agency will some- 
times ask one of his top people to specialize in the area and participate 
in most of the meetings. 

As far as the specific question that you raise is concerned, I can cer- 
tainly understand why this question has been raised before the com- 
mittee. I think that it has undoubtedly been called to your attention 
that in our report to the President, we stated right after recommenda- 
ion 7 that— 


The Council will follow the activities of the Federal agencies in this area and 
will promote the necessary coordination to achieve an effective Federal program. 

This goes back to an earlier comment that I made. 

The President having accepted these recommendations and formally 
approved them, they do constitute a policy direction for the various 
departments and agencies of the Government. He did decide, acting 
on our recommendation, to make provision for an exception in the 
language to which you have called attention. As I indicated earlier, I 
definitely feel that it is the responsibility of the Council to obtain 
reports from the agencies relative to the actions that they take under 
this policy guidance from the President. I think it is our responsi- 
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bility to evaluate those actions. If, in our judgment, those actions are 
in any manner inconsistent with the policy guidance of the President, 
it is our responsibility to so advise the President. It will be up to the 
President, of course, to take action. 

Also, there is no question in my mind at all but that if the reports 
from the agencies indicate that the exceptions that are being taken are 
being taken too frequently or without proper documentation, proper 
consultation, and so on, we might very well decide that we should 
recommend to the President a tightening up of the language of that 
exception. I think experience will demonstrate whether this was a 
wise thing to give the departments this much leeway or not. 

Representative Hourrrexp. I think that is a proper attitude for you 
to take, and it is in the spirit of having an effective control. 

Secretary FLemmine. That is right. 

Representative HotirreLp. However, we did notice that under the 
guides, different agencies could, theoretically at least, exceed, let us 
say, their portion of the overall maximum permissible exposure, unless 
there is a body—and we were hopeful that FRC was the body— 
that would exercise an overall clearinghouse type of operation and 
would say, “Well, now, there is a certain amount of exposure in this 
field under this agency’s activities. There is also a certain amount in 
this field, and we find when we add them all together that there is 
more than the maximum permissible allowed in the guides, and that it 
exceeds it enough to warrant attention and possible reduction of 
quotas.” I am using these words in the common, ordinary acceptance 
of the terms. 

Secretary Ftemmine. Yes, that is right. 

Mr. Chairman, I agree with you completely, and it seems to me 
that if, as a result of the operations of the Council, it becomes clear 
to us that a particular agency is going beyond what you and I might 
feel was a reasonable quota in a particular activity, then it seems to 
me that there would be a Sanpete resting on us to suggest to the 
agency that we did feel that way about it. We would have to make 
it perfectly clear to the agency that all we were doing was making a 
suggestion. If, however, it became rather clear that the agency did 
not intend to follow that suggestion, then we would have an obliga- 
tion to make a report to the President with a recommendation. It 
would be up to the President to determine whether or not he was going 
to issue a directive to that agency. In other words, the Council, in my 
judgment, should never attempt to issue a directive; but I think that 
the Council should never hesitate to recommend to the President that 
he issue a directive if, in our judgment, that is the thing that is neces- 
sary in order to accomplish his overall objectives. 

Representative Hoiirreip. I have two questions to ask you on that 
point. 

What recourse does the public have to make a protest in case there 
is a public awareness of this and there seems to be no action taken 
on the part of a particular agency? Maybe it is a scientific group 
like the NCRP that has cognizance of this matter, What formal 
lines of protest, if any, exist, other than an appeal to an individual 
agency ? 

Secretary Fremmine. Mr. Chairman, we have not formalized any 
lines of protest. Let me take the NCRP first as an illustration. 
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Of course, I know the law directed us to establish relationships with 
the NCRP, the National Academy of Sciences, and so on. 

Representative Houirieip. Yes. 

Secretary Fiemmine. And as the testimony has brought out, we 
have established those relationships, so that there is a clear line of 
communication between them and the Council, if they have any ques- 
tions at all about actions that we have taken or proposed to take. 

But certainly I would say, as a public official, and in this case as 
Chairman of this particular Council, if any outside group questions 
the kind of action that we have recommended to the President and 
that has been taken, I would see to it that that group had the op- 
portunity of expressing their views and giving us the documentation 
to back up their views; and I would see to it that it is given careful 
consideration. 

Representative Horrrrecp. In other words, you do intend to have 
regulations which will give that protection and opportunity of protest ? 

Secretary Fiemarne. I do not know whether it would be necessary 
for us to issue formal regulations to that effect, but certainly we have 
a responsibility to make it clear that we are willing to have people 
express themselves on these issues. 

Representative Horirtetp. One other point is involved, and this 
applies particularly to this committee. This is the point of the claim- 
ing of executive privilege. 

Under the statute, of course, being advisory to the President, it is 
true that you are in a close relationship to the President, and I think 
all of us respect that type of relationship. At the same time, this 
committee has had a very close association with the Atomic eae 
Commission; and as the Atomic Energy Commission is going to 
one of the agencies that will be involved in implementing and enfore- 
ing these standards, we, of course, in our desire to be kept currently 
and fully informed, are interested, and we feel we can get the informa- 
tion as far as this agency is concerned, which might be of a privileged 
nature otherwise. 

However, in the cases of other agencies of Government, the other 
agencies might, through the FRC, claim executive privilege, although 
we do have some statutory rights as to other agencies. We have had 
one experience with this, as you know. It is not important particu- 
larly, but we did send a letter asking for some information, and a 
letter was received in reply. 

Dr. Chadwick, am I not stating that correctly ? 

Dr. Cuapwick. My reply was an informal one to the committee 
staff. It was not in response to a letter. It was in response to a tele- 
phone conversation. (Seep. 143.) 

Representative Horirretp. That is right. I was wrong on the letter 
part. It was a telephone conversation, and under date of November 
18 we did receive a letter back from Dr. Chadwick in which he did 
claim the executive privilege on certain matters that were involved in 
the telephone conversation. 

In this particular instance, this was not of extraordinary impor- 
tance, and we are not making a case on that. But we wonder what 
position we are going to be in in the event that there is action by the 
Council of an important nature, setting bracket guides of some kind, 
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and if we would like to have the information as to how those guides 
were arrived at. 

Secretary Fremmine. Mr. Chairman, I certainly appreciate the way 
you approach this issue. I appreciate } your opening comment to the 
effect that you recognize that this is a group that is in an advisory 
relationship to the President, and that, of course, that does bring into 
play certain basic issues involving the relationships between the Presi- 
dent and the Congress. 

The letter to which you refer, as I read it, is simply a statement of 
the historic position of the executive branch on a matter of this kind. 

May I say, however, that I have long admired the role that the Joint 
Committee has played in this total area. As you know, I have had 
the opportunity of observing that role. It seems to me that there is 
no question at all but that ‘the committee has rendered a very con- 
structive service, and in terms of specific problems that may arise in 
this particular area, I have no doubt in my own mind that we can 
work them out in such a manner that this committee can fully dis- 
charge its responsibilities, without our getting into conflict with this 
historical position of the executive branch on matters of this kind. 

I can assure you that as far as the operations of our Department 
are concerned, I can speak very definitely and specifically on that. 
Whatever we are doing in this particular area I will be glad to put on 
the table before this committee or any other committee at any time. 
I feel the other departments would feel that w ay about it. But as 
far as the Council itself is concerned, keeping in mind these basic prin- 
ciples, I do not think there is any doubt but that we will be able 
to furnish this committee the information which it will need in order 
to evaluate properly recommendations that may have been made. 

Representative Hoxirietp. This type of information will include 
complaints and compliance reports, or lack of compliance ? 

Secretary Ftemmine. Yes; I do not see any problem there. 

Of course, Mr. Chairman, I think I should make the point that a 
recommendation growing out of a lack of compliance would be made 
to the President, and of course it is up to the President then to deter- 
mine what he is going to do with the recommendation. It becomes 
a report that is then in the custody of the President. 

But here again, I still do not think that we will have any difficulty. 
I know something about the President’s attitudes on a matter of this 
kind. In other words, as you indicate, there has not been any diffi- 
culty up to the present time, and I do not see any reason why there 
should be any in the future. I certainly will be very happy to work 
with the committee in order to make sure that no difficulty does arise. 

Representative Hottrrevp. There was another point, Mr. Secretary, 
which was expressed by several of the scientists that were members of 
the NCRP. 

Representative Hosmer. Mr. Chairman, before we go to that sub- 
ject, I have a third question that follows onto your two. 

Representative Horirrmenp. Go ahead. 

Representative Hosmer. Mr. Flemming, you express the philosophy 
that the Council has the duty to see that these various regulations that 
are based on the guides do in fact follow them, and if it comes to the 
business of allocation, to take action in respect to recommendations to 
the President. Yet you have only Dr. Chadwick and his secretary 
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at work. You have a second special group that is on a pone proj- 
ect. How are you going to have the council do these jobs that you 
just specified as being its responsibility ? 

Secretary Fiemmine. Mr. Congressman, my idea on that is that 
when an appropriate period of time has elapsed from the issuance of 
the President’s policy guide, we will ask the appropriate departments 
and agencies to report to us. 

Representative Hosmer. You and Mr. Mitchell and the other two 
are not going to sit down in a room and decide this. Let’s get to 
that phase. 

Secretary Fiemminc. We would formally, as a Council, ask the 
departments and agencies to report to us. Those reports would come 
initially to Dr. Chadwick as the executive officer of the Council. 
I would request him to take them up initially with the working group 
that has been described in previous testimony to the committee. 

Representative Hosmer. What group is this? The one you just 
described ? 

Secretary Firemmine. No; if I may go back, I will be glad to 
identify it. 

Soon after we were appointed and organized, we did set up a work- 
ing group of senior technical representatives of the gg Pe 
agencies. The members of this working group are Dr. Allen V. Astin, 
Director of the National Bureau of Standards, who is the chairman, 
and who is here with me this morning; Dr. Nathan Woodruff, Director 
of the Office of Health and Safety, Atomic Energy Commission; Dr. 
David E. Price, who is Chief of the Bureau of State Services, Public 
Health Service, DHEW; Dr. Edwin P. Laug, who is Chief of the 
Physiochemistry Branch, Bureau of Biological and Physical Sciences, 
Food and Drug Administration, DHEW; Col. Carl Tessmer, who is 
Chief of the Basic Sciences Division, Armed Forces Institute of Pa- 
thology, Department of Defense; and Mr. Richard Schwartz, assistant 
to the Under Secretary, Department of Labor. This working group 
initially worked on development of recommendations by the Council 
on Radiation Protection Standards, and then it was the working group 
that suggested the appointment of the full-time temporary staff to 
do further work on it. I think I am correct in saying that the working 
group has met on an average of once a week. 

Dr. Cuapwick. One-half day a week, yes. 

Secretary Fremminc. They have met one-half day a week to give 
consideration to the various matters that have come before the Council. 

Representative Hosmer. That was during the period of gestation? 

Secretary Ftemmine. No; that has gone right on. This is a stand- 
ing, working group, and will continue to go on. So my initial refer- 
ence of these reports from the departments and agencies would be to 
this working group. Then, if these reports were to raise issues which 
the working group felt made it necessary for a competent ad hoc 
group to give consideration on virtually a full-time basis, we would 
certainly arrange for the development of sucha group. They in turn, 
then, would report to the working group, and the working group would 
report to the Council. The Council would then give consideration 
to the recommendation of the working group and determine what 
recommendation we would make to the President. 
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Representative Hosmer. This senior working group consists entirely 
of men of importance who are busy on other full-time jobs? 

Secretary FLemmine. That is correct; they are top people. 

Representative Hosmer. And if they get in 10 or 20 sets of regula- 
tions from different agencies, they are obviously not going to be able 
to go through and outline them and compare them and other things. 
How do they have a red flag, so to speak, put before their minds? 

Secretary Fremmrne. It 1s definitely my feeling that the working 
group would under these circumstances feel that they should bring 
together from the various agencies a small group of competent scien- 
tists to spend, for a period of time, full time in analyzing these reports 
from the departments and agencies. Then, they would in turn profit 
by the work of that staff group. 

Representative Hosmer. In other words, that prospectively will be 
the way it is handled. They have at this time got a small working 
group going. 

Secretary FLemmine. That is right. 

Congressman Hosmer, I do not want to appear, in outlining it 
in this way, to again be dogmatic in saying that I think this is the 
only way in which the work of the Council should be carried on. But 
I can say that up to the present time, this device of pulling in for 
temporary full-time duty topflight people from the various depart- 
ments and agencies has worked very well. 

Representative Hosmer. All I am trying to do is find out how it is 
going to work prospectively. 

Secretary Fiemme. That is right. The time may very well come, 
Mr. Congressman, when because of this particular activity that we are 
talking about now, we will decide that there should be a larger full- 
time staff; that is, larger than just having a full-time executive secre- 
tary. But we have been, in effect, feeling our way along to determine 
what is the best way to organize. 

Representative Hosmer. I suppose that the staff for the senior work- 
ing group that does the review of the various regulations would do so 
on some periodic basis. 

Secretary Fremuine. That is right. 

Representative Hosmer. What should that period reasonably be? 

Secretary Fiemmrina. I have not consulted with my colleagues on 
that. Dr. Astin might have a feeling on that. I would say maybe 
once a quarter. 

Dr. Asrin. I think that might be reasonable. We would adapt our 
working program to meet the needs. For example, during the last 
few weeks before we finished our first report, the working group met 
daily, because it was necessary at that time. We will adapt our own 
program to whatever the requirements are. 

Representative Hosmer. I think that covers the point. Sometimes 
we find allegations that the Government is not doing its job in some- 
thing like this. It is important for the public to know that this re- 
view is going on on a regular basis of some sort. 

Secretary Fremmrina. I agree. 

I feel we have a very important staff responsibility to discharge for 
the President, and it seems to me that we should do it in approxi- 
mately the way I have indicated. 
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Representative Hosmer. There is another inquiry I would like to 
make of you. These working groups or these staffs, I think, more 
particularly, have been described to us as going out and talking to 
various people on the National Council, talking with various people in 
industry, and various scientists in the Government, apparently ob- 
taining information, then going back in a closet someplace by them- 
selves and locking the door, and coming out with a guide. 

One of the gentlemen described his frustration. After being talked 
with, apparently the Council came out with something that disagreed 
with his particular recommendations or statements. Would you dis- 
cuss that feature? Itis an area from which controversy and criticism 
can spring, and possibly we should have a little idea of the way you 
do go about this. 

Secretary Ftemmine. Mr. Congressman, as my May 25 statement. 
indicated, of course there was the type of consultation that you de- 
scribe, and a great many persons were consulted. I am sure that the 
working group and the members of their temporary staff did receive 
conflicting recommendations. The fact of the matter is, there were 
various items that were discussed, I am sure, vigorously within the 
working group itself, and then within the Council, before we decided 
on the recommendation that we should make to the President. I am 
sure that the recommendation that we made to the President reflected 
the views of some who were consulted and was probably contrary to 
the views of others that were consulted, but those conflicting views had 
to be resolved. 

I appreciate that the consultative process could have gone on longer, 
in the sense that when the working group tentatively arrived, let us 
say, at some conclusions, they might have gone back to some of these 
persons with whom they had consulted originally to get additional 
reactions from them. But as we all appreciate, although I firmly be- 
lieve in the consultative processes, there comes a point at which that 
has to stop, and the recommendation has to be made so that the Presi- 
dent, in turn, can issue guides. 

But there is nothing final, in the sense of the indefinite future, about 
the policy guidance of the President; and certainly we will examine 
very carefully the testimony before this committee for possible views 
in opposition to the policy guidance. We will be very glad, as I indi- 
cated to the chairman in response to his inquiry, to receive other sug- 
gestions on this policy guidance. It will be reviewed, and I am sure 
that if the working group feels that a mistake has been made, they 
will recommend changes to us. If we feel a mistake has been made, 
we will certainly make a recommendation to the President. 

You were provided with a list of the persons who were consulted. 
Just as a layman, it seems to me that they did consult with people who 
do represent different points of view. 

Representative Hosmer. Part of the difficulty here has to do with 
what is meant by “consultation.” This gentleman, Dr. Parker, felt 
that he was asked some questions and his answers were listened to, but 
when it came down to actually applying what he said to what turned 
out to be a guide, there was no opportunity for him to discuss it in 
specifically that context. 

Representative Hotirretp. To comment on the guide afterward as 
contradistinct from the method within NCRP where, if they do arrive 





rn. ee ee ee ee ee 


RADIATION PROTECTION 537 


at an NCRP position, the position is established and then submitted 
to members for their comment on acquiescence or consent, I think in 
this particular instance, because of the methodology that was used, as 
much as anything else, they felt there was not the playback for ap- 
praisal of the final guides that were released. In other words, the 
guide was made without any reference back to the people who had been 
consulted. 

Secretary Fremmrine. I would be glad to have Dr. Astin comment 
on that, but I can say this: I can see that as we move forward with this 
work, it might make good sense at times to have consulted with people 
and then, having drawn up a tentative document, to give them a chance 
to comment on the tentative document before we make a final recom- 
mendation. 

Dr. Astin, would you like to comment on this? 

Dr. Astin. I think, Mr. Secretary, you have outlined the major 
problems. We were interested in developing a set of recommendations 
for the President which represented, as far as we could bring them to- 
gether, the best technical judgment and also the best political, eco- 
nomic, and social judgment which was represented by the members of 
the Council themselves. We were not seeking to prepare a report which 
would be a report of the consultants; we were developing a set of rec- 
ommendations for the President. We consulted the best experts we 
could find, and then used the information and views, applying our own 
best judgment in developing a set of recommendations. 

Now, as Mr. Flemming has indicated, these are not final; at least, 
they are subject to revision in the future as operating requirements 
demand. If there are factors which scientists throughout the coun- 
try feel should be changed, we will consider their comments in pos- 
sible future revisions of these recommendations. 

Representative Hosmer. Let me ask you this: In connection with 
these outside people that you talked to, I would assume that your 
purpose was to obtain information and opinions, and then do the value 
judgment in your own discussions within your own working groups 
and staff groups; is that right ? 

Dr. Astin. That is exactly what we were trying to do. 

tepresentative Hosmer. Whereas, in NCRP, the opinion, the in- 
formation, and the value judgment all work in together within this 
one group, who possibly do not go too far outside for what they finally 
turnup. Would that be distinction ? 

Dr. Astin. That isa very good distinction of the two methods. 

Representative Hosmer. In other words, you did not go about it 


really differently, but you perhaps used some of the scientific people 
for different purposes. 


Dr. Astin. That is correct. 

Representative Hotirretp. Mr. Ramey has a question. 

Mr. Ramey. You mentioned bringing in the economic and social 
judgments from the agencies concerned. In going through your 
group of consultants, it looked like most of the people, practically 
all of the people, were physical scientists and biological scientists 
of the same general group as involved in NCRP work, and that 
actually, industrial experts, the American Standards Association, 
and others like this, did not play much of a role in the develop- 
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ment of your basic guides. Maybe that is a part of getting organized, 
going to the same people that NCRP went to, but NCRP recognized 
that, as Dr. Taylor’s testimony indicated, they had to make social 
judgments and they did not have people of this variety around. 

Dr. Astin. Up to the level of the working group, we were attempt- 
ing to put together the best technical recommendations we could find. 
But between the completion of consideration at the working group 
level and the evolving of recommendations by the Council itself, there 
was a conscientious effort to bring into consideration some of the 
broader evaluations which are necessary to set sound radiation pro- 
tection guides. 

Each of the Council members was asked as an agency head, before 
he gave his final approval to the recommendations which the Council 
evolved, to consider all of the broader factors which are within the area 
of responsibility of the members represented on the Council. 

Secretary FLemmrnc. Mr. Chairman, I would just like to underline 
that last point. We did try to impress upon the members of the 
Council the importance of their taking a look as agency heads at the 
proposal in the light of these considerations. Having said that, how- 
ever, I think looking to the future that a good deal could be said for 
consulting some people who are specialists, experts in these areas, 
outside of Government. I think the point that has been made is a 
good one. 

Representative Hotrrretp. These people could be properly included 
in the working groups, could they not ? 

Secretary Fiemmrinc. That isright. I think it isa valid point, and 
one that we should take into consideration. However, I would like to 
emphasize, as Dr. Astin did, that we did make an effort to see to it that 
these factors were taken into consideration through the regular depart- 
ments, and, of course, they do have quite a number of people who are 
competent in these various areas. 

Representative Horirteip. Mr. Secretary, I want to proceed now to 
another point. 

We all recognize the tremendous value over the years of the NCRP’s 
work. It existed from a national standpoint almost alone in a field of 
study which needed to be looked at. 

There was some confusion, at least, or concern expressed on the part 
of some of the scientists that the FRC and the working groups might, 
in a sense, supplant this independent, nongovernmental body. How do 
you view the future role of the NCRP in relation to the Federal Ra- 
diation Council? Do you intend to continue to consult and rely upon 
its composite findings, or do you envisage the general decline of the 
NCRP and the substitution of the FRC and its working groups for 
that function ? 

Secretary FLemmine. Mr. Chairman, may I say that, as you know, 
soon after I took office, I was brought up against some of the issues 
in this particular area, as Secretary of the Department. I soon learned 
about the activities the NCRP has carried on over a long period of 
time, as well as the activities of the ICRP. I soon had the opportunity 
of becoming acquainted with Dr. Taylor and the work of his asso- 
ciates. I personally think that this country has been very, very fortu- 
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nate to have had the benefit of the kind of advice and recommendations 
that have come from the NCRP. 

As you know, in terms of specific areas, our Department is following 
right now their recommendation. I would certainly hope that nothing 
would take place that would result in the decline of either the activi- 
ties or the influence of the NCRP. As far as I am concerned, I would 
want to do everything I possibly could to make sure of the fact that 
that did not take place. 

Representative Hoxirevp. I think this is also true as to the com- 
mittee, because we have a great deal of respect for the work that the 
NCRP and the ICRP have done in this field. We feel that a com- 
pletely independent body of scientists who could get together and 
talk over these studies and submit their recommendations would be 
of immense benefit to the FRC. 

Secretary Ftemmine. That is right. I agree with you completely. 

Representative Hoxirrerp. Thank you. 

The next two questions are certainly not meant to reflect on the in- 
dividuals named. But I want to query you in regard to, for instance, 
the relationship of Dr. Astin, the Director of the Bureau of Standards, 
to the Federal Radiation Council, and whether Mr. Taylor ceases to 
be a Federal official when he is acting as Chairman of the NCRP. 
Do you see any problem in this dual capacity ¢ 

Secretary FLemmine. I recognize that the composition of the NCRP 
has been a very unusual one. 

Representative Hoxirrevp. I am not suggesting any conflict of in- 
terests in the ordinary sense that we use “conflict of interests.” I am 
thinking of a possible fuzzing-up of judgment or a modification of 
what otherwise would be an independent judgment, in order to accom- 
modate to certain requirements which might be different in the FCR 
from the NCRP. 

Secretary Fiemmine. Of course, as I understand it, the NCRP 
from the very beginning has included in its membership persons from 
the Government. It has been my understanding that they have served 
more as individuals than as representatives of the Government. They 
have just been some scientists meeting with other scientists, coming to 
rips with this problem. 

appreciate the fact that as they have participated in the NCRP 
meetings, possibly their judgments and discussions have been in- 
fluenced somewhat by the problems that they face within their respec- 
tive departments of Conmchavaret Yet it seems to me, on balance, that 
the NCRP has been very wise in including within its membership per- 
sons who also serve in the Government. 

I have had the opportunity of observing Dr. Taylor in action, and 
on the basis of that observation I would say that it does not create any 
problem at all. 

Representative Hotrrtevp. I only used their names because of the 
dual position. 

Secretary FLemmrine. I know. 

Representative Horirtecp. Of course, that is our understanding as 
well ; but this question was raised during the hearin 

Secretary FLemmina. I would like to say that I do not see how we 
could have done the work that we have done up to the present time if 
it had not been for the effective leadership that Dr. Astin has given 
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the working group. I think you can see immediately that there is 
some adv antage, too, to having a top scientist in the Department of 
Commerce serving as chairman of the working group. Commerce is 
not a party in interest to the same extent, possibly, for example, that 
our Department is, or the Atomic Energy Commission is. We both 
have objectives that we must keep in mind under the law, whereas the 
Department of Commerce can be a little bit more neutral, perhaps. 

Representative Hoxtrrevp. They are in a little broader field. 

Secretary Fremuine. That is right. So I felt that it was a very, 
very fortunate circumstance that Dr. Astin was willing to serve in 
this capacity, and I agree with our observation. It does not seem to 
me it has created any problem at all, but it has all worked together in 
such a way as to make it possible for us to function more effectively. 

Representative Hoxrrrretp. It could be possible that the duality of 
participation could bring directly to each organization the views of the 
other organization. 

Secretary Fremmine. That is it. I think I am correct, am I not, 
Dr. Chadwick, that Dr. Taylor has participated in virtually all of 
the meetings of the Council ? 

Dr. CHapwick. Yes, sir; he has attended almost all the working 
group meetings. 

Secretary FLemmine. Almost all of the meetings. So we have had 
the benefit of his views. 

Representative Houtrireip. If there is a discussion and formal reso- 
lution on this point, could we be informed ? 

Secretary Ftemmine. Yes. I imagine you discussed this also with 
Mr. Staats. 

Representative Horrrrecp. I know they have been interested in it 
from the organizational point of view, also. 

Mr. Ramey. It was not discussed in any detail, but the point was 
just raised that there was a problem of Federal employees serving on 
the NCRP. 

Secretary Fremmine. I am just talking as an individual now. As 
I say, I think the NCRP was wise to include governmental representa- 
tives in its membership. After all, it isa large body, and the other 
members of the body would recognize the specific problems that might 
confront a representative of a particular agency. But I think that 
the NCRP would be the loser if it did not have the benefit. of the ex- 
perience and the contact with some of these problems that the Govern- 
ment people have. 

Representative Hottrrevp. I would like to proceed to another point. 
In your statement on page 1 you note that the President has directed 
the Department of Health, Education, and Welfare to have primary 
responsibility for— 
the collation, analysis, and interpretation of data on environmental radiation 
levels, including natural background and medical and industrial use of isotopes 
and X-ray and fallout. 

Do you concede that the FRC must cover this area in arriving at its 
standards? In other words, you must consider the areas of natural 
background, medical and industrial use, fallout, and everything; all 
forms of radiation. 

Secretary Fiemminec. That is correct, Mr. Chairman. 
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Representative Horirretp. And you expect to advise the President 
as Chairman of the Federal Radiation Council on these matters ¢ 

Secretary Fitemmine. That is correct. 

Representative Hoxrrietp. And they should be considered collec- 
tively, as well as their individual problems ¢ 

Secretary Fieamine. That is right. In other words, I do function 
in a dual capacity. Of course, some of these responsibilities are a 
special responsibility of our Department. In addition to that, the 
Council, as you very well put it, includes the whole area; and certainly 
we have the responsibility of advising the President in terms of the 
whole area. 

Representative Hoxitrretp. Do you have any additional advisory 
functions as Chairman of the Federal Radiation Council, over and 
above the ones set forth in your HEW responsibility ¢ 

Secretary Fiemminea. It seems to me that I certainly have the re- 
sponsibility of making sure of the fact that the views of the Council 
are placed before the President in an appropriate way. 

Representative Hoiirietp. Well, would medical X-rays let us say as 
an example, be a subject of consideration by the Federal Radiation 
Council ¢ 

Secretary FLemmine. Certainly, that is a part of the problem that 
Iam pretty sure we would have to get into. I assume that the working 
group has gotten into that particular problem in connection with its 

eliberations, and I am sure that the full-time staff group has. I am 
sure that Dr. Porterfield and his colleagues would do everything they 
could to make sure of the fact that this aspect of the total matter was 
taken into consideration. 

Representative Hoiirmxp. No one of these agencies really has this 
overall responsibility of the total field of radiation. 

Secretary FLemmine. That is right. 

Representative Hotirmxp. I think it was generally thought by our 
committee that there was the need for this overall body which could 
look at the total problem, and not just in relation to the problem from 
one agency, be it the AEC or the HEW, and that they would form a 
clearinghouse and evaluation and collation job; and then, after that, 
the setting up of the guides would apply to the overall field. After 
all, radiation exposure is cumulative, and the body does not differen- 
tiate between X-ray radiation, let us say, and fallout. 

Secretary FLemmine. That is right. 

Representative Hottrrecp. That was part of the whole. 

Secretary Fremmina. We agree with you completely on this, and 
that is our concept of the responsibility. 

Representative Horrrrecp. Mr. Ramey ? 

Mr. Ramey. In relation to the guide, I think the word that is used 
is something about as it applies to “peacetime” use of radiation, or 

“peacetime” operations. It occurs in several places, as I recall. If 
it is intended to apply broadly, would it not be desirable to define that 
a little more, if we discussed this, say, with the Department of Defense, 
as to whether the guide applies to the discharge of radioactivity from 
submarines, or whether it will apply, hopefully, some day to nuclear 
aircraft, or nuclear rockets, and so on? 

Secretary Fiemmine. I do not know how Dr. Astin and Dr. Chad- 
wick feel about this, but I would say that this question has been raised 
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enough times that I think it would be wise for us to define it further, 
just from a public relations point of view, so that people have a better 
understanding. 

It was my understanding that has been raised here a number of 
times, and my own reaction always is that when you get questions 
coming at you in regard to a particular expression, you had better step 
back and explain it a little bit more fully than you have. 

Representative Horirmyp. We believe it should be defined, also. 
We recognize that you are beginning a new service here in the FRC, 
and we do not expect it to be the full tree. We know we are planting 
the small seed or tree, to get started on it, but some of these questions 
have come up during the hearings. 

Mr. Ramey. 

Mr. Ramey. One other function of the Council that was discussed 
several times was the matter of whether or not it should review each 
major new radiation use that might affect the population at large. 
Again, the example might be the resumption of atmospheric testing 
the matter of the nuclear rockets, or other possible contaminants. 

Under the way the “Federal Radiation Guide” is prepared now, it 
might be construed that no agency would have any responsibility to 
come back to the Council until what it was regulating or what it was 
permitting would go over this maximum, the level that the guide has 
set up, whereas these new uses could ultimately eat away the difference 
between your current exposure levels and the levels set up by your 
standards. 

Secretary Fremre. I certainly recognize and appreciate the im- 
portance of the problem that you have indentified there. It seems to 
me, however, that we can and should establish a reporting system that 
would alert us to the fact that consideration is being given to eae 
steps that might alter the overall picture. Then, when we are alerted, 
I feel that in some instances certainly we would have the responsi- 
bility of making a recommendation to the President, and the Presi- 
dent would in turn, then, have to consider our recommendation along 
with other recommendations that he might receive from other bodies. 

Mr. Ramry. I have one last question. 

Yesterday Dean Cavers of the Harvard Law School raised a point 
as to the use of the phrase “radiation protection guide” as set forth in 
your No. 2 recommendation that the President adopted. The question 
whether this whole concept of setting up what used to be maximum 
permissible concentrations and calling them guides, and treating them 
not as maximums over which you cannot go any more, but as sort of 
check points as we discussed throughout the hearings, whether that 
might not have some rather profound implications for a regulatory 
program. He was the only lawyer on our panel, of course, and was 
looking at it from the standpoint of regulations. We thought it 
might be desirable to have some lawyers look into it a little more. 

Secretary Frewmine. I do not think there was any part of our 
report that was given more consideration than this part where we in- 
cluded the recommendation for the use of the term “radiation pro- 
tection guide.” You may recall that in my statement of May 25, I 
had asked the working group to give me in a memorandum there 
understanding of the reasons that lie behind that particular recom- 
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mendation. They pointed out that we were not recommending the 
use of the term “maximum permissible dose,” and that there was more 
involved than just is arbitrary change of terminology. 

We do feel that an important principle is saveteud It has been 
our experience, certainly my experience in dealing with some of these 
specific problems as Secretary of HEW, that the term “maximum per- 
missible dose” is often misunderstood. I think that the representa- 
tives of the NCRP and ICRP would agree that there have been some 
unfortunate and, from their point of view, inaccurate connotations 
associated with the use of the term. 

We feel that the term “radiation protection guide,” with its defini- 
tion, more accurately represents the significance of numerical values 
in radiation protection programs. This is something I have come to 
understand and believe, that because of the nature of radiation effects 
and particularly the relationships between radiation dose and bio- 
logical effect, there can be no single permissible or acceptable level of 
exposure without regard to the reason for permitting the exposure. 
Any numerical value is appropriate only for the circumstance for 
which it was developed, There can and should be different radiation 
protection guides with different numerical values, depending upon 
the circumstances. We feel that the specific radiation protection 
guides promulgated by the President by approval of the reeommenda- 
tions ouniainel in the memorandum from the Council are appropri- 
ated under present conditions. 

Really, the objection that the dean made is the very thing that we 
were trying to avoid here in this particular instance. I think in the 
long run that it will promote a better public understanding of the 
nature of the problem. 

Mr. Ramey. I do not think he was objecting. I think he was just 
pointing out this change in understanding. 

Secretary FLemmine. I see. 

Mr. Ramey. I think he did raise the question then, if you use 
these numbers as a check point and not as a maximum, then you are 
going to have to have some criteria to decide on where you go over, 
and there are going to have to be some more rules or some basis for 
deciding whether you go twice as much or one and a quarter times 
as much. 

Secretary Fiemmina. But, of course, this is the purpose of the 
activity that the Council has now engaged in, and to some extent this 
will be included in our next report to the President. It is also the 
reason for underlining the fact to the various departments and agen- 
cies that they have to look at each specific situation and evaluate the 
evidence. 

Representative Hourrrerp. Mr. Secretary, I think you will find, if 
you do have the time to go over our hearings, that we have explored 
this matter quite comprehensively. We feel that there have been 
some suggestions and criticisms which I know Dr. Chadwick is aware 
of, and that will undoubtedly be taken into account in setting up 
further duties for your Council. We felt, when we made the Advisory 
Committee statutory, that there was a very important function here 
that needed to be filled. While we are not advocating the building 
up of a superbureaucracy or a duplicating organization, we certainly 
feel that Dr. Chadwick should have an adequate staff and access to 
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competent people, in order to do this job well, so that possibly a year 
from today, when we call Dr. Chadwick and maybe yourself before 
us to give us a further report on this, we will see some of these matters 
taken care of. 

Secretary Fremmtne. Mr. Chairman, may I say that I personally 
appreciate the time that the committee has given to this particular 
aspect of our total responsibility. I will request Dr. Chadwick to 
identify the issues that have been raised here and put those issues on 
the agenda for the next meeting of the Council so that we will, I can 
assure you, give consideration to the various points of view that have 
been expressed. 

Representative Hottrrecp. Thank you very much. 

Are there any questions? 

Thank you very much, Mr. Secretary, for appearing before us. 

We know it has been at some inconvenience to yourself, but we feel 
that we have wrapped up a lot of these points; and we wish nothing 
but the best for the FRC. 

Secretary Ftemmine. Thank you, sir. We appreciate it very much. 

Representative Hortrretp. The meeting is adjourned until 2 o’clock, 
at which time we will have further public witnesses. 

(Whereupon, the hearing adjourned at 12:35 p.m., to reconvene 
at 2 p.m. the same day.) 


AFTERNOON SESSION 


(The subcommittee reconvened at 2 p.m,, upon the expiration of the 
recess. ) 

Representative Hosmer. The special subcommittee will come to 
order. 

In this final session our first witness will be Mr. Andrew J. Biemiller, 
representing the CIO-AFL, a former colleague of ours. 

Weare glad to have you here. 


STATEMENT OF ANDREW J. BIEMILLER,* DIRECTOR, DEPARTMENT 
OF LEGISLATION, AMERICAN FEDERATION OF LABOR AND CON- 
GRESS OF INDUSTRIAL ORGANIZATIONS 


Mr. Bremitier. Thank you, Mr. Chairman. 

Mr. Chairman, my name is Andrew J. Biemiller. I am director of 
the department of legislation, American Federation of Labor and 
Congress of Industrial Organizations. 

I am also chairman of the AFL-CIO staff subcommittee on atomic 
energy and natural resources. 

I would like the record to show that Mr. James A. Brownlow, presi- 
dent of the metal trades department, AFL-CIO, concurs in the posi- 
tion taken in our testimony. 


1 Born, Sandusky, Ohio, July 23, 1906. Graduated, Cornell University, 1926: also grad- 
uate work, University of Pennsylvania, 1928-32. Member of faculty, Syracuse University, 
1926-28. Member of faculty, University of Pennsylvania, 1929-31. Member of faculty, 
Bryn Mawr Summer School for Workers, 1930-31. Engaged in veh egy od and labor educa- 


tion work in Milwaukee, 1932-36. General organizer. Wisconsin State Federation of 
Labor, 1937-41. Member of Wisconsin Legislature, 1987-42; party floor leader. Special 
assistant to the War Production Board Vice Chairman for Labor Production, 1941-44. 
Member, House of Representatives, U.S. Congress, 1945-46 and 1949-650; specializing in 
health, social security, labor, and civil rights legislation. Political education director, 
Upholsterers’ International Union, 1947-48. Labor consultant, Secretary of Interior, 
1951-52. Member of the American Federation of Teachers. Legislative representative 
AFL, 1953-56. Chairman of AFL—CIO Staff Committee on Atomic Energy. Since Decem- 
ber 1956, director, Department of Legislation, AFL-CIO. 
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The metal trades department is composed of and speaks for 20 
international unions which account for two-thirds of all organized 
radiation workers in AEC facilities and many thousands of additional 
workers in plants operated by licensed users of AEC-owned fissionable 
material. 

With me today are Mr. Paul Hutchings, research director, metal 
trades department, and Mr. Brooks Payne, atomic energy representa- 
tive, International Brotherhood of Electrical Workers, AFL-CIO; 
and Mr. George Taylor, economist with the research department of 
the AFL-CIO and secretary of the AFL-CIO staff subcommittee on 
atomic energy and natural resources. 

Mr. Fred McGowan, international representative, International 
Brotherhood of Boilermakers, chairman of our special subcommittee 
on radiation: Mr. Elwood Swisher, vice president, Oil, Chemical and 
Atomic Workers International Union, AFL-CIO; and Mr. Joseph 
Phillips, training coordinator, United Association of Plumbing and 
Pipe Fitting Industry, AFL-CIO, were unable for various reasons to 
attend these hearings. 

All of these individuals have actively participated as members of a 
special subcommittee of our staff subcommittee, in work we have done 
during the past year on matters affecting occupational radiation 
health and safety. 

They have likewise rendered valuable assistance in much of the 
preparation of my testimony which is being presented to you now. 


CONCEPTS 





OF RADIATION 






SAFETY STANDARDS AND CRITERIA 


The AFL-CIO regards these hearings as being of great potential 
importance to the thousands of our workers who man the frontlines 
in the advancing atomic age. The time has come, and these hearings 
signalize it, when broad, intelligent public debate can begin on the 
establishment and administration of radiation protection standards. 

This question has at last emerged from its classified and compart- 
mentalized cocoon so that citizens can participate democratically in 
the economic, social, and political decisions that form the ingredients 
of a national policy acceptable to the public and in the public interest. 

The AFL-CIO has accepted the general verdict of the scientific 
community that scientific knowledge thus far has not established a 
threshold of radiation dose below which exposure to ionizing radiation 
would have no effect on the human organism. 

The whole question of standards and criteria to reduce to the mini- 
mum harmful effects of radiation exposure to workers and to all 
citizens must always be decided in favor of public health and safety. 

The time for decision comes when a given level of exposure is placed 
in balance against the benefits looked for as stemming from nuclear 
development. 

The decision must be of itself a moral and social one. This logically 
follows because we are dealing with expected benefits which accrue to 
human beings and with the risks to which they are exposed in the 
process. Such issues can never be resolved on purely scientific 
grounds. 

Our deep concern in this matter of such direct interest to workers 
in their day-to-day nureuits is that the concepts which are the founda- 
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tion of health and safety radiation protection standards reflect the 
broad humanity of Dr. Abel Wolman’s statement earlier in this hear- 
ing, which said : 

Criteria must rest upon public health protection and not cost * * *, No one, 
of course, should advocate excessive and unnecessary restraints. ‘These re- 
straints, logically suggested, however, within the framework of current scien- 


tific understanding, should not be resisted solely because resulting costs may 
threaten to throttle application * * *. 


Dr. Wolman added in his concluding remarks: 


The day of handbook rule for measuring the hazard of radiation is a long way 
off. In the meantime, one acts upon limited knowledge. In such action, the 
guiding principle must be maximum protection of people, not because of senti- 
ment, but because society demands it. An agreed acceptance of a number of 
consequent disabilities is not an appealing basis for the development, say, of 
nuclear power, Industry will do better than rest upon such an affront to man. 

Many objections have come from industry to the proposed amend- 
ments to part 20, occupational exposure standards of the Atomic En- 
ergy Commission. These objections allege that lowered maximum 
permissible exposure rates, reports of exposure history to workers and 
maintaining their exposure records, would unjustifiably add to costs 
and impede development of the peaceful uses of atomic energy. 

Costs of peaceful atomic development will probably drop, just as 
mare those in other new fields of economic development in the United 

tates. 

Historically, there have always been pleas for the status quo with 
expressed fears that regulation and other corrective measures would 
price a product out of the market, or bury industry in coils of redtape. 

Industry has been able to survive such crises and live with ever 
stricter criteria and standards, particularly as their operations affected 
worker and public health. 

Each new field of economic endeavor must run this gauntlet of the 
never-say-die management theory that human beings are easier to 
replace than expensive machinery. 

cach time workers must collectively find voice and ways to reassert 
their value in more meaningful terms than the current price quotations 
on the various chemicals that make up man’s organism, or his average 
earning, saving, or spending capacities. 

A necessary and irreplaceable ingredient of rapid progress in peace- 
ful nuclear development is the confidence of workers and of citizens 
at large that such progress is being accomplished consistent with and 
not at the expense of their safety. 

Atomic workers hold the most vital stake in the matter. They are 
not only exposed to general range of natural and manmade radiation 
sources common to other citizens, but to radiation on the job, as well. 

We in labor recognize and are endeavoring to shoulder our respon- 
sibilities to keep radiation workers aware of not only their rights, but 
responsibilities in their day-to-day jobs. 

At the same time, we recognize the need for expanded public educa- 
tion on radiation effects and benefits, and what must be done to reduce 
exposure and carry forward programs to use the atom on behalf of 
humanity. 

There is no doubt about the concern of labor and citizens, generally. 
However, there is great, doubt that public concern about radiation is 
at this time coupled with adequate knowledge of the problem. 
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There have been suggestions made in these hearings that the public 
has not done its part in learning about radiation. 

I say that on the contrary, the scientists and the public agencies 
dealing with it have failed thus far greatly to improve public under- 
standing about radiation. 

Although there has been some progress noted recently in this re- 
spect, much more is needed; otherwise the public can be victimized by 
shoes who understate dangers of radiation, as well as by those who 
grossly overstate these dangers. 

This must be coupled with expanded efforts to fill in still existing 
gaps in our knowledge about radiation, both natural and man made. 

If fully adequate radiation protection standards are to be devised 
and put into effective operation, scientific knowledge and public edu- 
cation must march hand in hand. 







PROPOSED LEGISLATIVE PROGRAM 


I recognize that these hearings do not specifically deal with legis- 
lative matters, as such. Nevertheless, we are convinced that before 
radiation standards and criteria can be made meaningful, through 
every day application, legislative policies must be adopted which 
create the framework of action programs. 

In a letter addressed to you, Mr. Chairman, and dated May 12, 
1960, I informed you that the AFL-CIO would propose specific 
amendments to the Atomic Energy Act of 1954 in our testimony be- 
fore this subcommittee. 

We believe that the areas covered by our proposed amendments are 
relevant to the matters before the Special Subcommittee on Radiation. 
We believe our legislative program will strengthen the new section 274 
and make it workable. 

We deal among other matters, with the role of the Federal Radia- 
tion Council. 

Once again, we propose establishment of machinery by which labor 
and management can meet with representatives of the commission staff 
to discuss and to make recommendations on matters of labor-manage- 
ment concern affecting the day to day operations of the commission’s 

rogram, 

. (A) Proposed amendments to Public Law 86-373: The Federal 
Radiation Council as now constituted is really neither fish, flesh, nor 
fowl. It continues to derive from the National Committee on Radia- 
tion Protection and Measurements, the basis for standards establish- 
ing a maximum permissible radiation dose. It provides only loose 
guidance to other Federal agencies, and presumably the States, which 
in the future may pertinipats in erstwhile Federal radiation protec- 
tion programs under Public Law 86-373. 

The Council does not allow what we regard as essential public par- 
ticipation in its work and it does not include as ex-officio members a 
number of Federal agencies with responsibilities in the field of radi- 
ation. 

Furthermore, the Council is not subject to the Administrative 
Procedures Act. 

The Council is not established as an action agency, merely a head- 
less organization with limited recommendatory powers only. It is not 
required to make surveys, measurements, annual reports, and recom- 
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mendations to the President, in turn to be submitted to the Congress 
for its consideration. 

In view of these deficiencies, the AFL-CIO wishes to place before 
this subcommittee, the following proposed amendments to section 274 
dealing with the Federal Radiation Council: 

I. Section 274(b) should be changed to provide that a State with a 
proposed plan to assume regulatory authority over source, byproduct 
and special nuclear material, must include all three types under its 
plan, or be disqualified. 

Realizing that there may be greater or lesser variations in the degree 
of problems among these sources from State to State, there is still 
nothing to be gained and much to be lost because of duplication of 
effort and overlapping of Federal and State jurisdictional areas, par- 
ticularly in the matter of inspections as this part of section 274 stands, 

II. Section 274(d): We urge that a subsection (3) be added to 
specify another condition of eligibility for a proposed State plan. 

This added subsection should provide that such a State must dem- 
onstrate to the satisfaction of the Commission that it has in operation 
an adequate health and safety program regulating non-AEC sources 
of manmade radiation such as radium, X-rays, particle accelerators, 
et cetera. 

All of these sources and their biological effects have been known 
to the States for 40 years and are outside the scope of the Atomic 
Energy Act of 1954. 

In addition, the Commission should be directed to consider as a 
condition of eligibility of a proposed State plan demonstration that 
the State has in operation an adequate workmen’s compensation pro- 
gram dealing with radiation illnesses and injuries. 

ITT. Section 274(h) Federal Radiation Council: (a2) We propose 
additional ex-officio members or their designees to the Federal Radia- 
tion Council : 

The Secretary of the Interior, the Secretary of Agriculture, the 
Postmaster General, the Chairman of the Interstate Commerce Com- 
mission, Civil Aeronautics Board, and many other Federal agencies 
not included in the above which may be given the responsibility over 
radiation matters. 

The Secretary of the Department of Health, Education, and Wel- 
fare should be made permanent Chairman of the Federal Radiation 
Council— 

(6) Following the clause providing for consultation by the Council 
with the leaders of the scientific community, there would be added 
this provision : 

The Council shall consult with a Federal Radiation Advisory Committee, rep- 
resenting organized labor, industry, and the general public, members of which 


shall be designated by the Chairman of the Federal Radiation Council who will 
also designate the chairman of the Federal Radiation Advisory Committee. 


May I add there 1 minute, we have previously in testimony urged 
direct labor representation on the Federal Radiation Council. As we 
now understand it, the trend that Congress has taken is to restrict that 
Council to Government agency membership. 

Hence, we are now proposing that you bring in the public, not only 
labor, but other public groups on advisory committee, if you are going 
to maintain the Council as a strictly governmental organization. 
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(c) The next to the last sentence of section 274(h) should be 
stricken and in its place should be added: 


1. The Federal Radiation Council is directed to establish a director and pro- 
fessional and other staff to carry out an effective day-to-day operation. 

2. The Council is directed to establish the mandatory standards of tolerable 
radiation exposure which shall be binding upon all Federal agencies and upon 
States with regulatory plans in being or proposed to the AEC under Public Law 
86-373, and such maximum exposure standards, occupational and for the general 


public, shall constitute the maximum safe exposure standards for the United 
States. 


3. The Council is directed to perform studies, surveys and investigations with 
necessary assistance from Federal, State, and local agencies and with qualified 
scientists and experts with respect to radiation hazards and, in so doing, make 
annual reports and recommendations through the President to the Congress of 
the United States. 

IV. Section 274(i) should be written to provide Federal matching 
grants-in-aid to States with approved plans. 

The formulas for arriving at the amount available for such States 
would be based on a minimum of 50 percent of total administrative 
costs, including recruiting and training personnel, and use of commis- 
sion personnel for State inspection purposes. 

The formulas could be adjusted upward from the 50 percent mini- 
mum to assist States facing problems of financing the new program. 

V. The AFL-CIO reiterates its proposal for establishment of a 
labor-management advisory committee by amending the 1954 act. 

The advisory committee would meet with designees of the Com- 
mission for the purpose of staff level discussion and recommendation 
to the Commission on matters of common day-to-day labor-manage- 
ment concern in the Commission’s peaceful nuclear program. 

This is by no means a novel instrument for public participation in 
Federal programs. The Departments of Interior, Commerce, Agri- 
culture, and Labor all have one or more of such advisory groups in 
operation. 

The AFL-CIO staff subcommittee on atomic energy and natural 
resources has experienced a year of frustrating arm’s length negotia- 
tions with members of the Commission staff regarding the Commis- 
sion’s proposed part 20 amendments. 

We with to make clear that these discussions have been most fruit- 
ful and have resulted in much better understanding of our respective 
positions. 

We appreciate the opportunity given for these informal meetings. 

But the process of moving amended part 20 into operation would 
have been hastened if we had sat across the table with the Commission 
staff and with representatives of management and attempted to find 
areas of agreement. 

Instead, the Commission staff has met with labor and management 
representatives on separate occasions, 

Consequently, the staff has become the grain being pressed be- 
tween the upper and the nether millstone. 

This situation can be greatly improved if a labor-management ad- 
visory committee is established along the lines of our proposed amend- 
ment to the act. 

VI. Workmen’s compensation legislation: The AFL-CIO has 
prepared several drafts of proposed workmen’s compensation legisla- 
tion designed to deal with the illnesses and injuries resulting from 
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occupational exposure to ionizing radiation. The record shows that 
very little has been done by the States to meet this additional occupa- 
tional hazard. 

The AFL-CIO believes that the workmen’s compensation standards 
and programs in the radiation field cannot logically be separated from 
the total process that begins with the establishment of radiation pro- 
tection standards. Standards must then be made operable in the form 
of regulations. Regulations must be enforced. 

Finally, protections must be provided against the casualties among 
workers which are inevitable, no matter how strong the standards 
and regulations and how well they may be enforced. 

We hope that our recent draft of an all-Federal radiation work- 
men’s compensation program will be introduced before the adjourn- 
ment of the present Congress. We will press for action on it next year. 

In this connection may we again express our appreciation of the 
time and helpful suggestions given aan the members of the Joint 
Committee staff on this matter. 

I wish to make it perfectly clear that the above legislative pro- 
posals dealing with section 274 of the act do not in any way imply that 
the position of the AFL-CIO has changed. We have opposed this 
section since it was first introduced and continue to do so. 

The AFL-CIO policy on section 274 was stated in its testimony 
which I delivered before the joint committee on the occasion of its 
202d hearing earlier this year: 

We must work with this law at present, both on a Federal and State level. 
But we do not think in the long run it is workable. Therefore, we are urging 
the Joint Committee to amend it drastically. 

The Commission on April 12, 1960, published its criteria for guid- 
ance of the States in submitting their plans to assume erstwhile Fed- 
eral authority over source, byproduct, and special nuclear material. 

The AFL-CIO is now aware of how the Commission intends to ap- 
proach the problem of administration of the new law, what it expects 
from the States, and the extent to which it intends to use its powers 
to achieve uniformity of standards and compatibility of State pro- 
grams with that of the Commission. 

The misgivings we have had in the past about section 274 are 
greater than ever and have been accentuated by the May 17, 1960, 
publication by the Federal Radiation Council of the radiation pro- 
tection guidance standards for Federal agencies, approved by Presi- 
dential Executive order. 

Our confusion and concern over the delay in placing amended Dp 
20 exposure regulations in effect, and over the hazy language of the 
Commission’s suggested criteria for the States, has been compounded 
by the Federal Radiation Council’s document. 

In the following part of my testimony, I wish to deal with each 
one of these matters. We want to know if we now are to assume 
that we have a national radiation policy. If so, who is responsible 
for it? 

One thing is certain: We have been drifting for several years in 
radiation protection and workmen’s compensation. 

If amended part 20, the Commission’s criteria for the States under 
section 274, and the Federal Radiation Council’s guide can be taken 
together as representing Federal radiation health and safety policy, 








_p- 








RADIATION PROTECTION 551 


we can only say that the period of drift is now over and we are now 
entering a new era of chaos. 













AMENDMENTS TO CFR PART 20—-STANDARDS FOR PROTECTION AGAINST 
RADIATION 





























I wish to protest what we regard as the needless delay in placing 
the amended part 20 regulations in effect. 


The following chronology of the part 20 regulations to date speaks 
for itself : 


On January 9, 1958, the AEC established rules governing the AEC and AEC 
contractors with respect to levels of radiation exposure for their personnel 
and other persons exposed to radiation from AEC and its contractor operations. 

The commission on this date—1 year and 1 day after NCRP stand- 
ards were issued—adopted the NCRP recommendations, including 
subsequent recommendations of NCRP executive committee of Novem- 
ber 18, 1957, in advance of their receiving formal approval and issu- 
ance by the main committee of NCRP. 

No move was made by the AEC to require compliance by its licen- 
sees with the NCRP standards of January 9, 1957, and the subse- 
quently issued recommendations of its executive committee on Novem- 
ber 18, 1957. 

On April 24, 1959, the AEC announced proposed revisions in 
part 20 which were published in the Federal Register of May 6, 
1959. 

Such proposed revisions of part 20 governing licensee operations 
have not yet been put into effect for licensees, although as I have just 

inted out, AEC has had revised rules reflecting such changes in 

CRP standards in effect in its own operations since February 1, 
1958. 

On April 24, 1959, the AEC issued for public comment proposed 
amendments to part 20 thereafter published in the Federal Register 
May 6, 1959. e AEC extended time for comments by interested 
a to August 1, rather than July 1, and comments were submitted 

y the AFL-CIO to AEC on June 29, 1959. 

A series of meetings were held with Commission staff dealing with 
our comments and suggested changes. The AEC staff agreed in prin- 
ciple on several of our proposals relating to regular reporting of ex- 
posure history of workers, right of workers to obtain safety procedures 
of licensed operator, maintenance of exposure records, and a notice to 
employees in the facility. 

Je drew up proposed modified notice to employees changing the 
staff’s proposed notice and had acceptance. 

This modified notice carried an explanation of what the regulation 
dealt with; what the rights of the workers were in obtaining regular 
reports on his exposure history, the permissible limits of radiation 
exposure, access to the operators approved safety procedures, require- 
ment that licensee shall maintain exposure records of workers, out- 
liming complaint procedures and listing regional AEC offices where 
complaints could be filed. 

We included also the requirement that the licensee furnish the 
worker the reports of his current radiation exposure history every 6 
months; his total exposure history on request, or in the event of any 
exposure beyond permissible limits. 
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The AEC staff agreed that such filed notice should be a part of the 
revised part 20 regulations and a condition of the licensee. 

Subsequent to this time we were notified orally that the word “com- 
plaint” had been stricken from the proposed notice and the word “in- 
quiries” substituted. With this we are not in accord. 

The above chronology starkly illustrates the needless delay in 
amending and placing in operation the part 20 regulations for licensed 
operators of the AEC, 

If we are correct in assuming that amended part 20 will not be made 
effective until January 1, 1961, this means that 3 years have been 
required by the Commission to carry the NCRP exposure standards 
into effect among its licensees. 

In contrast, the Commission required only 1 year to make effective 
the NCRP exposure standards, smong its own facilities. 

Will the President’s Executive Order No. 10831 dated May 17, 
1960, have any effect on modifying the AEC’s safety standards for its 
own installations and for its contractors ¢ 

Will there be further delay in issuing the amended part 20 regula- 
tions as a result of this Executive order ? 

Will any modifications in either set of standards make AEC’s in- 
ternal regulations different from those which it uses for its licensees, 
or those which it will ask the States to comply with under Public Law 
86-373 2 

These are some of the questions labor has asked the Commission 
in our comments on the proposed criteria for States under section 274. 

We urge that this subcommittee help obtain the answers to them. 


Tue Atomic Enrercy Commisston’s Proposep CRITERIA FOR GUIDANCE 
oF STATES IN THE DISCONTINUANCE OF AEC Avrtrnoriry Over 
Sourcr, Bypropuct, AND SpectaL NuciearR Marerrars, Aprin 12, 
1960 


I ask permission to include in the hearing record as part of my 
testimony the comments, recommended changes, and requests for clari- 
fications which were sent to the AEC June 2, 1960, by President Meany 
for the American Federation of Labor, and Congress of Industrial 
Organizations. 

(The document referred to follows :) 


COMMENTS AND RECOMMENDED CHANGES BY AMERICAN FEDERATION OF LABOR AND 
CONGRESS OF INDUSTRIAL ORGANIZATIONS WITH RESPECT TO THE ATOMIC ENERGY 
COMMISSION’S “PROPOSED CRITERIA FOR GUIDANCE OF STATES IN THE DISCON- 
TINUANCE OF AEC AvuTHORITY OVER Bypropuct, SouRCE, AND SPECIAL NUCLEAR 
MATERIALS IN LESS THAN A CRITICAL MASS AND THE ASSUMPTION THEREOF BY 
States THROUGH AGREEMENTS,” APRIL 12, 1960 


I. GENERAL POLICY STATEMENT 


The broad conditions of the operation of Public Law 86-373 among the various 
States are revealed in the criteria to which the American Federation of Labor and 
Congress of Industrial Organizations is addressing itself in this document. 

Nevertheless, the AFL-CIO wishes once more to state its strong objections to 
this law. We have set forth our opposition previously in our 1959 convention 
policy resolution on atomic energy and before the Joint Committee on Atomic 


Energy both in 1959 and earlier this year in the hearings on section 202 of the 
act. 
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Public Law 86-373 is a bad law for the following reasons: 
1. It is premature and unnecessary. 

2. Administratively it will create more problems both for the States and for 
the Commission than it will solve, and cost the Commission more time and 
money than ever before in properly policing it. 

3. Additional regulatory responsibility is being handed over to units of Gov- 
ernment which, with few exceptions, have not demonstrated their capacity or 
willingness to deal with radiation hazards properly within their constitutional 
jurisdiction. 

4. No adequate case was made for the bill when it was before the Congress 
to demonstrate that the States were prepared to handle these additional regu- 
latory responsibilities. 

5. In the interest of consistency we raise the question of why it is alleged 
to be so urgent to turn over heretofore federally administered radiation health 
and safety programs to the States, when it appeared equally urgent a few years 
ago to obtain full Federal, not State, financial underwriting for indemnity 
legislation for public liability in event of an atomic accident. 

We regard Public Law 86-373 as constituting a grave potential threat to the 
health and safety of radiation workers. They must have confidence that atomic 
development policies give equal weight to atomic progress and to the safety of 
human beings. Such confidence is a major factor in orderly peaceful nuclear 
development. Serious misgivings now are spreading among our people and these 
criteria certainly have not lessened such apprehensions. 

Nevertheless, the AFL-CIO intends to make the best of the situation through 
constructive criticism by means of the following comments, proposed changes, and 
requests for clarification of certain parts of the criteria. Only in this way can 
we assist in making this law as adequate to protect the health and safety of 
workers as it is capable of accomplishing under the circumstances. 


II, GENERAL COMMENT ON THE PROPOSED CRITERIA 


The general objectives and standards stated in the criteria are laudable. 
Certainly there must be general endorsement of the view that any State regula- 
tory program should be “designed to protect the health and safety of the 
people against radiation hazards,” and should have “a set of standards for 
protection against radiation.” 

Who can set himself against the goals of uniformity in radiation standards, 
against total occupational radiation exposure? Who can protest uniform labels, 
signs, and symbols and their posting or having adequate surveys and personnel 
monitoring, etc.? 

But these pious statements of intent are meaningless without being accom- 
panied by the material announced in footnote 1 and in the third paragraph 
of the introductory material as “being prepared for later circulation.” What 
we refer to is a set of suggested State regulations and suggested State legislation. 

It is, therefore, difficult to make adequate comment on aims and objectives 
as thinly covered by substance as those in the criteria. We feel most strongly 
that their release for comment should have been withheld until the States and 
all interested parties could also have reviewed the regulations and model State 
law. Without these, the criteria are as useless as an automobile without an 
engine or the word “compatibility” without regulations strong and plain enough 
to define the ground rules of acceptability. 

With respect to criteria themselves, their language is too loose and vague. 
They are filled with words and phrases such as “should,” “it is important that,” 
“it is desirable.” These should be eliminated. 

The Commission has full power under Public Law 86-373, if it chooses to 
use it, to make the word “shall” mean just what it says. This would remove 
doubt as to what the Commission has in mind regarding “compatibility” of the 
State regulatory plans with the AEC’s own program. 

It cannot be argued that the Commission has an obligation under the law 
to act as salesman for the new program among the States nor to make special 
concessions to them in order that an impressive numerical record of new ap- 
proved State plans be established. 

Our own analysis of the act leads us to conclude that the burden of proof 
rests on each State which comes to the Commission with a proposed plan. We 
likewise conclude that such conditions of approval must be strong, meaningful, 
uniform, and explicitly stated. In no other way can workers have any confi- 
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dence that the job of adequately protecting them from occupational radiation 
will be carried forward by the States as adequately as it has been accomplished 
under Federal administration and control. 

We should appreciate clarification in the following areas: 

1. What happens when a State submits a plan which does not meet ANC’s 
criteria? What aspect or aspects of the proposed State plan not meeting the 
criteria constitute grounds for rejection? Would the State be first given the 
opportunity to amend its proposed plan in order to resubmit and qualify? If 
it still failed to meet the standard, what is the procedure? 

2. What happens after approval, if the State plan is later canceled by the 
Commission and not by request of the State? Prior to cancellation can the State 
be ordered to suspend its operations until it cleans its house? If it fails to do so, 
what are the grounds and procedures for final withdrawal by the Commission 
of the regulatory authority from the State? 

The AFL-CIO wishes to take exception to the failure of the criteria to state 
as a condition of eligibility an adequate State program already in existence 
regulating manmade sources of radiation properly under its jurisdiction, namely, 
X-rays, radium, particle accelerators, etc. 

The criteria state in the introduction that in order to consider the total ac- 
cumulative occupational exposure of individuals, ‘“‘an overall radiation program is 
desirable.” This goal is both stated and implied in several other instances in 
the main text. 

But the Commission then retreats from this conclusion when it proceeds in 
the introduction to say that “the maximum scope of each State’s radiation pro- 
gram is not, however, a necessary or appropriate subject for coverage in the 
criteria?’ Where else would it be covered, if at all? 

One of the most important things the Commission can look for in determining 
a State’s fitness to assume regulatory responsibility over source, special and 
byproduct material is how well it is protecting the health and safety of workers 
and the public against hazards created by radiation from manmade sources 
over which it already has possessed jurisdiction long before passage of the Atomic 
Energy Acts of 1946 or 1954. Without this, the Commission has in nearly all 
instances nothing but a paper program to assess. 

If a State cannot or will not exercise the necessary regulatory authority already 
lying within its constitutional powers, its proposed plan to assume from the 
Federal Government regulatory control over source, byproduct and special nuclear 
materials should be returned with instructions not to resubmit until it does 
demonstrate that it has adequately done so, 

The AFL-CIO objects to the absence of a condition of eligibility that the 
State must demonstrate that it is conducting an adequate workmen’s compen- 
sation plan in the field of occupational radiation illness and injury. 

For several years we have urged the Commission and the Joint Committee to 
do something about this shocking gap in radiation health and safety program. 

No matter how strong or well administered occupational radiation exposure 
standards and regulations may be, the peaceful atomic program is growing. 
With this growth inevitably will come more injuries and illnesses caused by 
overexposure to radiation on the job. 

It is perhaps unnecessary to remind the Commission that failure of most 
States to meet this new problem in the field of workmen’s compensation has 
caused the Commission to authorize its contractors to undertake special liability 
insurance augmenting nonexistent or inadequate State programs. 

The Commission has not pushed workmen’s compensation for occupational 
radiation injuries and illnesses among the States in the past. We believe that 
it would be remiss in its proper interpretation of the spirit of Public Law 86-373 
and the Atome Energy Act itself if it does not now make an adequate workmen’s 
compensation program a basic condition for a State plan being qualified under 
the new law. 

If there is any legal question concerning the power of the Commission to do so 
under the present act, then the Commission should without delay recommend 
that it be appropriately amended to convey to it such power. 

' The AFL-CIO wishes to conclude its broader comments on the criteria 
by recommending that the new section 274 be amended to eliminate the option 
allowed the various States to submit plans to assume regulatory authority over 
one, or two, but not necessarily all three of the specified types of fissionable 
materials. A proposed State plan should cover all three types, or not be 
submitted. 
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Realizing that there may be variations in the degree of problems involving 
one of the other fissionable materials among the States, there is nothing to be 
gained and much to be lost with respect to duplication of effort and overlapping 
of Federal and State jurisdiction including both Federal and State inspections 
if this part of section 274 stands. 

The criteria show the Commission’s awareness of what needs to be done by 
the States. We are not in any way attempting to cast doubts on the AEC’s 
sincerity or motivation with respect to a desire for safeguards from radiation 
hazards to workers on the job when and if a State wants to undertake this 
responsibility as provided by section 274. Certainly members of the Com- 
mission staff meeting with our own staff members on the problem demonstrated 
this in our mutual discussions, as well as a willingness to consider our views 
fully and informally. 

The criteria lack firmness, detail and clarity. They show the Commission 
lacks willingness to make each State prove its competency before it is allowed 
to undertake the grave responsibilities of standing guard over the health and 
safety of workers and the public. We regret to say that our original misgivings 


over this law have only been reinforced by the proposed criteria as presently 
written. 


III. SPECIFIC COMMENTS ON AND RECOMMENDED AMENDMENTS TO THE AEC’S 
PROPOSED CRITERIA 


(a) We request clarification of the second paragraph of the introduction 
which paraphrases Public Law 86-373 in the second numbered condition for 
an agreement to be effected between the ABC and a State. As we interpret the 
language contained herein, there are really 2 findings required to be made by 
the Commission: (a) That the proposed State plan is compatible with the Com- 
mission’s program, and (b) that the plan is adequate to protect the health and 
safety with respect to the materials covered by the proposed agreement. 

This means to us not only that the State’s paper plan must be compatible 
with that of the Commission but also that the State must have a program which 
the Commission has determined will protect workers and public health and 
safety. 

(bo) The introduction states that “The Commission training programs are 
being coordinated with those of the U.S. Public Health Service.” In what 
respects are they being coordinated? There appears to be no real coordination, 
since the next paragraph explains that the Department of Health, Education, 
and Welfare will continue to provide guidance and assistance to the States 
with respect to contamination by and biological effects of radiation sources 
not under control of the AEC, but does the AEC intend to coordinate this kind 
of work by HEW with a similar program dealing with the day to day use of 
such sources? 

(c) Returning to our previous comment on the question of whether the criteria 
should inelude a condition that the State must have a program dealing ade- 
quately with hazards of X-rays, radium, particle accelerators, etc. We note 
that in numbered sections 1, 2, 10, 15, and 20 reference is made to radiation 
sources as such, with no limitation as set forth in the introduction. We heartily 
agree with this, but again wish to emphasize that it is inconsistent with the 
disclaimer in the introduction. Therefore the limitation set forth in the intro- 
duction should be eliminated by making adequate State health and safety pro- 
grams dealing with these additional non-AEC controlled sources of radiation a 
condition prerequisite to acceptance of a proposed State plan. 

(d) Sections 3 and 4. Uniformity in radiation standards and total occupa- 
tional radiation exposure: “We protest the needless delay in putting the amended 
10 CFR 20 occupation exposure regulations into effect. The following is a 
chronology of what has happened, te our best knowledge and belief: 

On January 9, 1958, the AEC established rules governing the AEC and AEC 
contractors with respect to levels of radiation exposure for their personnel 
and other persons exposed to radiation from AEC and its contractor operations. 
The Commission on this date (1 year and 1 day after NCRP standards were 
issued) adopted the NCRP recommendations including the subsequent recom- 
mendations of NCRP executive committee on November 18, 1957, in advance 
of their receiving formal approval and issuance by the main committee of NCRP. 

No similar move was made by the AEC to require compliance by its licensees 
with the NCRP standards of January 9, 1957, and the subsequently issued 

58454—60——_36 





556 RADIATION PROTECTION 


recommendations of its executive committee of November 18, 1957. On April 
24, 1959 the Commission announced proposed revisions in part 20 which were 
published in the Federal Register of May 6, 1959. Such proposed revisions of 
part 20 governing licensee operations have not yet been put into effect, although 
AEC has had in effect revised rules reflecting such changes in NCRP standards 
in its own operations since February 1, 1958. 

The AEC extended time for comments by interested parties to August 1, 
rather than July 1. Comments were submitted by the AFL-CIO on June 29, 
1959. 

A series of meetings were held with Commission Staff dealing with our com- 
ments and suggested changes. The AEC Staff agreed in principle on several of 
our proposals relating to regular reporting of exposure history of workers, right 
of workers to obtain safety procedures of licensed operators, maintenance of ex- 
posure records and simplification of notice to employees in the facility. 

We drew up a suggested modifications to the AEC Staff's proposed notice to 
employees. This modified notice carried an explanation of what the regulations 
dealt with, what the rights of the worker were in obtaining regular reports on 
his exposure history, the permissible limits of radiation exposure, access to the 
operator’s approved safety procedures, requirement that the licensee maintain 
exposure records of workers, outlining complaint procedures and listing regional 
AEC offices where complaints could be filed. 

The AEC Staff agreed that such post notice should be a part of the revised 
part 20 regulations and a condition of the licensee. Subsequent to this time we 
were notified orally that the word “complaint” had been stricken from the pro- 
posed notice and the word “inquiries” substituted. With this we are not in 
accord. 

We take exception to this substitution which was made after the notice had 
been commented on by management. 

The situation now has become even further confused. On May 17, 1960, the 
White House released a memorandum which had been sent to the President from 
the Chairman of the Federal Radiation Council. 

This memorandum included recommendations Nos. 1 through 7 for the guid- 
ance of Federal agencies in the conduct of radiation protection activities. The 
President, under date of May 13, 1960, approved these numbered recommenda- 
tions for the guidance of Federal agencies in accordance with the provisions of 
Public Law 86-373 and Executive Order 108381 and directed that they be pub- 
lished in the Federal Register. 

The above chronology starkly illustrates the unwarranted and needless delay 
in amending the placing into effect part 20 regulations. If we are correct in 
assuming that amendment part 20 will not be made effective on licensed opera- 
tors until January J, 1961, this means that the Commission will have required 
3 years to carry the NCRP amendments into effect for its licensed operators. 
Compare this with only 1 year which the Commission needed to carry NCRP 
recommendations into operation among its own facilities. 

Will there now be further delay in issuing the amended part 20 regulations as 
a result of the President’s Executive order of May 17, 1960? To what extent 
will the President’s Executive order modify the AEC’s safety regulations for its 
own personnel and those of its contractors? Will such modifications, if any, 
create a set of safety regulations used by AEC contractors divergent from those 
which AEC uses for its licensed operators or from those which it will ask the 
States to comply with under Public Law 86-373? 

(e) Section 4. Total occupational radiation exposure: The clause exempting 
from consideration exposure due to medical diagnosis and therapy should be 
stricken. There is no adequate reason why such an exception should be made, 
since radiation exposure is radiation exposure, affecting human beings no matter 
how or from what source they receive exposure. 

(f) Footnote 2, following section 6, and defining “controlled area”: We 
query why the definition is restricted to deal only with licensed operators. What 
about non-AEC manmade radiation sources? Does “licensee” in the context of 
the definition mean a State licensee only? We recommend that the definition 
for controlled area read as follows: “* * * any area where there is manmade 
radioactivity.” 

(g) Section 7. Storage: Why should radioactive materials be stored in an 
uncontrolled area at all? We recommend language stating that when radio- 
active materials are stored in a previously uncontrolled area, it becomes by 
definition a controlled area subject to the established safeguards. 
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(kh) Section 8. Waste disposal: Under what circumstances would special per- 
mission be required from the State regulatory agency? Similarly, when would 
it be necessary to obtain permission from the AEC, when a holder of radioactive 
material desires to dispose of it as waste? 

(i) Section 9. Regulations governing shipment of radioactive materials: 
The State should also be required to promulgate regulations dealing with stor- 
age, as well as with shipment of radioactive materials intrastate. 

What course of action should the State be required to take if there are con- 
flicting regulations dealing with radioactive materials in interstate transit 
among the various Federal agencies specified? 

(j) Section 10. Records and reports: Subsection (c) calls for holders and 
users of radioactive materials to report “significant incidents” involving the 
materials. How is the term “significant incident” defined for the State? How is 
it defined by AEC for its own operations? 

Subsection (d) of section 11 should be broadened to include mandatory re- 
porting by the operator to the worker whenever the worker has been exposed 
beyond the permissible exposure limit, and regular reports to the worker giving 
his radiation exposure at least once each 6 months. 

(Ah) Seetion 12. Prior evaluation of hazards and uses, exceptions: We dis- 
agree with the implications of a vague number of unspecified present and future 
uses of radioactive materials about which enough is or may be known to allow 
their possession and use without prior evaluation of the nature and degree of 
hazards, or capability of the possessor or user. 

We have insufficient basis for knowledge of the effectiveness and of the fre- 
quency of the AEC inspection system to accept this section of the criteria as 
being valid. The risks of a hasty application of such a policy in the field of in- 
dustrial radiation and in the avenues of commerce are too great to have this 
section included in the criteria at the present time. 

(1) Section 13. Evaluation criteria: We are strongly in favor of the most in- 
tensive application of regulations carrying out the intent of this section. Had 
such criteria been more intensively policed, it could well have obviated the con- 
ditions which brought about the Kellogg case, for example. 

We recommend that there be added to section 13 a proviso that the State regu- 
latory authority must have included in the licensee’s “proposed administrative 
controls” a properly posted notice to employees carrying a plainly worded and 
understandable explanation of: What the regulations deal with, the worker’s 
rights in obtaining regular reports of his exposure history, the permissible limits 
of radiation exposure, access to the operator’s safety procedures, requirement 
that the licensee shall maintain exposure records of workers, reporting to work- 
ers any exposure exceeding maximum permissible doses, in any event once every 
6 months, and an outline of complaint procedures and specific information of 
where complaints can be filed. The reference should be to the amended 10 CFR 
20 regulations which hopefully will contain posting of such a notice as a con- 
dition of the license. 

INSPECTION 


(m) Section 16 to 18, inclusive: The AEC inspection program is evidently 
the sole yardstick against which the inspection features of the proposed State 
plan will be measured in order to meet the “compatibility” called for in the 
law. 

The AFL-CIO does not with certainty know if AEC has an inspection 
manual in existence and if so what it consists of. The footnote states that 
such a manual is in preparation (as of 1958). Unless the proposed criteria 
are augmented by specific inspection requirements, there is nothing against 
which to measure proposed State plans. 

Unless there is in use some kind of an AEC informal] internal inspection 
guide, we submit that sections 16 to 18, inclusive, of the criteria constitute the 
only official inspection yardstick by which the Commission can determine 2 
State’s fitness to undertake the regulatory responsibilities described in the new 
law. 

This is very disturbing to us. We not only are unable to look at the Com- 
mission’s internal inspection standards and regulations, assuming there are 
any, but we have nothing that would tell us or any other interested party 
whether the Commission’s inspection program is living up to whatever it is 
that may be used by the Commission to guide the activities of its inspection 
staff. 
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We feel that the States, the Joint Committee, and interested parties, in- 
cluding organized labor, are entitled to know more about this matter in order 
to make informed comments or request clarification with a framework of 
reference to work against, than to ask if there is such a framework in existence. 

It is impossible to present for the Commission’s consideration valid judg- 
ments on whether at least once a year is enough to police properly operations 
of licensees handling more hazardous uses of fissionable material, or to make 
proper recommendations in situations of questionable compliance under sec- 
tion 16. 

With regard to section 17, we assume that well-trained inspectors would 
conduct their work in such a way that there would be a minimum of inter- 
ference with the licensee’s operations. We oppose this condition as the ruling 
factor. Rather, we recommend that the criterion be full and adequate inspec- 
tion of the operation. Inspectors should be subject to the kind of training, 
and provided with the internal standards of procedure, so that the main aim 
of inspection can be accomplished, and the licensed user be found either to be 
in compliance or not with the conditions of his license. 

We respectfully request the Commission to make public whatever it may 
have in the form of a written guide for its inspection personnel in the way of 
standards, procedures, and regulations and evaluation of effectiveness of the 
inspection and enforcement program as measured against the Commission’s 
standards. 

We then request such additional time as may be necessary to analyze and make 
comments and suggestions to be considered as a part of this official communica- 
tion. 

We proposed that there be added to section 18 (notification of results of in- 
spection) a condition that the results of the inspection shall be posted by the 
licensee in a conspicuous place for proper information to the workers. 

(n) Enforcement: Our previous general comments on sections 16 to 18, in- 
clusive, apply equally to section 19. We do not know the existing ADC standards 
and criteria of enforcement. Therefore, there can be no intelligent appraisal such 
as is required to comment upon whether the States have the proper AEC target 
to aim at or not. 

(o) Personnel: “Section 20: Qualifications of Regulatory and Inspection Per- 
sonnel” demands through redoing in the paragraphs dealing with the qualifica- 
tions of “persons in the program performing evaluation and inspection” at various 
levels of responsibility and with so-called trainees associated with the regulatory 
program. 

Section 20 as written includes an unnecessary harsh limitation upon the quali- 
fication of personnel. Mere completion of several academic courses at the 
college level is no assurance that every capable person will qualify. There is 
now a body of skilled radiation control specialists who have acquired compe- 
tency from experience and training. To exclude these people by the artificial 
requirement of a college degree would be most unusual. Therefore, we propose 
that employment possibilities be opened not only to college graduates but also 
to trained experienced workers who at present hold positions in this field. 

The AFL-CIO is by no means attempting to argue against the establishment of 
meaningful and adequate job qualifications in order to assure capable workers in 
State radiation health and safety programs. 

There are personnel who, by virtue of training and experience, some almost 
since the inception of the Commission’s program, have the demonstrated skills 
necessary to carry out evaluation and inspection programs. 

We recommend, therefore, that the paragraph of section 20 be amended to 
reflect the following principle: That the radiation workers of this type must 
demonstrate by previous experience and demonstrated skill their ability to meet 
the standards of the job classification applied for, and that supervisory personnel 
must have in addition to required experience, a bachelor’s degree or equivalent 
training in the radiation protection field. 

(p) Administration (sec. 23): We recommend this addition to the first para- 
graph: “and also providing that any State advisory regulatory board shall have 
full representation from and participation by interested groups, including county 
and municipal governments, management, labor, the general public, and. the sci- 
entific community.” 

We also recommend that a new paragraph (d) be added which would state: 
“Public participation is defined to mean procedures for public hearings and all 
other established principles of due process.” 
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You have already perceived that our approach to the criteria for administra- 
tion of Public Law 86-373 is to recommend the strongest use of the powers 
given the Commission by this law and the 1954 act to set the conditions for 
approval of a proposed State radiation health and safety regulatory plan such as 
to fully assure that it is adequate in every respect. Of equal importance we re- 
gard it as imperative that the laudable aims contained in the criteria be spelled 
out much more explicity than they are at present. 

The Commission’s responsibility to workers and the general public is no less 
heavy in relinquishing regulatory powers to the States than it was before the law 
was enacted. We believe that they cannot be carried out effectively unless the 
criteria are substantially amended, that further clarification of the criteria is 
made officially by the Commission, that more information concerning the ade- 
quacy of the Commission’s own program is made available, and that the Com- 
mission hasten its preparation and publication for comment of its proposed 
regulations and proposed State legislation. 

We understand the Commission is working with the Council of State Govern- 
ments in drawing up a model State radiation health and safety law in the inter- 
ests of “compatibility.” The American Federation of Labor and Congress of 
Industrial Organizations proposes that it be given an opportunity to work with 
the Commission staff in offering suggestions for regulations which will give 
flesh and meaning to the proposed criteria, in the manner that has been done 
with the amended part 20 regulations. 

We hope the foregoing comments and criticism will be of assistance to the 
Commission in working toward the best possible protection to the health and 
safety of workers and others exposed to ionizing radiation that Public Law 
86-373 can afford. 


Mr. Bremiiter. In this official presentation of our views, we make it 

lain to the Commission our reasons for believing that section 274— 

ublic Law 86-373—is a bad law, but that the AFL-CIO wishes to 
assist to the extent of its capabilities to make the law as meaningful 
to the health and safety of workers and the public as possible. 

We find it difficult to comment on much of the criteria because it 
was not accompanied by what it announced in the footnote as being 
in process of preparation by the AEC—a set of proposed State regula- 
tions and a proposed model State act for later publications. 

Therefore, we find the criteria in most part as being thinly covered 
by flesh, with laudable objectives, but nothing to indicate the specific 
ae by which the Commission intends to achieve them adminis- 
tratively. 

We also find that the Commission appears to be quite timid about 
using its considerable powers to exact conditions with respect to pro- 
posed State regulatory plans which will fully meet the test of com- 
patibility with the Commiianioti'a own program, and, likewise, be 
adequate to afford full protection to the health and safety of workers 
and the public. 

The criteria is liberally sprinkled with words and phrases such as 
“should,” “it is desirable that,” et cetera. 

The Commission states the desirability of State radiation pro- 
grams covering all sources of manmade radiation, which would in- 
clue X-rays, radium, and particle accelerators. 

Immediately, having made this assertion, the Commission hastens 
to retreat from the exposed salient by stating that— 
the maximum scope of each State’s radiation program is not, however, a neces- 
Sary or appropriate subject for coverage in the criteria. 

I ask this subcommittee, if one major test of a State’s capability to 
handle additional regulatory responsibilities in the radiation field 
should not be how well it is handling radiation sources which have 
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Jain within its jurisdiction since they emerged as public health prob- 
lems 40 years ago? 

We also consider that the Commission should have exacted as 
another prerequisite an adequate radiation workmen’s compensation 
program. 

We have asked the Commission in our official comments a number 
of questions for purposes of clarification which ‘we feel should be 
answered, and, if possible, be included in the record of these pro- 
ceedings: 

1. How are the Commission’s training programs being coordinated 
with those of the U.S. Public Health Service? 

We may be mistaken, but there appears to be no coordination. 

The criteria, following announcement of this alleged coordination, 
proceed to describe a limited function to be continued by HEW in 
the way of guidance and assistance to the States in non-AEC radia- 
tion sources which the criteria claims in another section is irrelevant 
to the purposes of section 274. 

2. Why should radioactive materials be stored in an uncontrolled 
area? Would not their presence cause the place where they are 
stored to become by definition a controlled area? 

3. Under what circumstance would the user of radioactive mate- 
rials owned by the Commission obtain State or Federal permission 
to dispose of radioactive waste? 

4. Why do the criteria not consider storage as well as shipment 
of radioactive materials and what should the State do if various 
Federal regulations dealing with interstate shipment of such materials 
conflict ? 

5. How is the term “significant incident” defined for the State? 
Will it be uniform with the AEC definition? 

6. What happens procedurally when a proposed State plan fails 
to meet the AEC criteria? 

What failure or failures would constitute grounds for rejection, 
or is the State plan first returned and opportunity given the State 
for resubmittal. 

If the amended State proposal is still faulty, what is then done? 

7. If an approved State plan may later be canceled by the Com- 
mission, what is the ground or grounds for such action? 

Is the State first giver. an opportunity to clean house? If it fails 
to remedy the faults, is opportunity given for the State to appeal 
the AEC decisions? 

8. With respect to proposed State inspection standards, we have 
no sure knowledge of the existence of an AEC internal procedures 
manual on inspection, and, if so, what it consists of. 

If the AEC program, as stated by section 274, is the yardstick 
of compatibility, then neither the AFL-CIO or any other group can 
make any considered conclusion as to whether or not the Commission’s 
inspection yardstick is full 36 inches. 

Without some knowledge of AEC inspection standards and proce- 
dures, there can be no evaluation of criteria’s once-a-year minimum 
number of inspections of the more hazardous licensed facilities, or 
what recommendations to make with respect to frequency of in- 
spections where there is questionable compliance. 
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To us inspection and enforcement is the heart of the matter, for 
this is what determines whether the standards and criteria are going 
to have any meaning to workers on the job. 

9. Finally, we have raised the question in our comments sent to 
the Commission yesterday, as to whether there should not be a 
provision added to the administrative section of the criteria to pro- 
vide for representation and participation on any State advisory board 
of interested groups—county and municipal government, manage- 
ment, labor, and the scientific community. 

This is consistent on a State level of administration with our pro- 
posals for the creation of a Federal Radiation Advisory Council, 
discussed earlier in my testimony. 

10. Finally, we have suggested that the administrative section of 
the criteria be expanded to provide a definition of public participation 
in State radiation health and safety programs which would mean 
provisions for public hearings and all other established administra- 
tive procedures. 


THE FEDERAL RADIATION COUNCIL’S RADIATION PROTECTION GUIDANCE FOR 
FEDERAL AGENCIES 


We have several questions which we raise for the consideration of 
this subcommittee with respect to recommendations 1 through 7 con- 
tained in the 1960 radiation protection guides approved by the Presi- 
dent on May 13 and for “The guidance of Federal agencies,” and 
made public May 17, 1960. 

1. What does the term “guidance” mean in terms of carrying these 
standards into effect among the various Federal agencies involved 
with radiation ? 

2. Why is there no tolerable amount of radiation with respect to 
ingestion by human beings? 

3. Why are there no administrative procedures for interested parties 
to comment on the Federal Radiation Council standards prior to their 
being made effective, together with opportunity for appeal and public 
hearings ? 

We believe that the Administrative Procedure Act should apply to 
the council, just as it does to the AEC. 

4, Why the new mouth-filling terminology—radioactive protection 
guide and radioactivity concentration guide ? 

5. What control is established over interpretation by any Federal 
agency that a radiation protection guide level of exposure should be 
exceeded after the agency “has carefully considered the reason for 
doing so”? 

Who reviews such a decision? Is it made first and explained after- 
ward ? 

6. What Federal agencies are supposed to use the council’s standards 
for guidance? Only those with membership on the Council? 

7. When are Federal agencies supposed to modify their own stand- 
ards to square with those of the Council ? 

Who reviews the amended standards before they are promulgated ? 

Can the Council force revision, or merely guide and counsel ? 

8. How long is an “interim,” as in section 6, which allows the 
Federal agencies to use radioactivity concentration guides which are 
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consistent with the recommended radiation protection guides “as an 
interim measure” ? 

What does the term “consistent” mean, and who determines it? 

The American Federation of Labor and Congress of Industrial 
Organizations has no ready answers to the various questions it has 
raised with the Commission, and has presented them to the members of 
this committee, as representing large areas of confusion, doubt, and 
growing concern in the whole Federal radiation picture. 

These questions must be resolved and an integrated Federal radia- 
tion policy be rapidly drawn up in the public interest before matters 
are allowed to deteriorate further. 

The reasons for the need of action now are self-evident. 

1. The number of potentially exposed workers is growing rapidly, 
and about 9 out of every 10 are not AEC employees. 

2. The Commission is now releasing more hazardous materials such 
as plutonium. Plutonium, mixed with beryllium, is a useful neutron 
source for the oil industry. 

This mixture has a potential hazard far greater than most of the 
other isotopes released to date by the AEC. 

3. It is now easier with relaxed AEC licensing standards for licenses 
for use of AEC materials to be obtained. 

4. Since AEC is no longer the sole source of isotopes, and the num- 
ber of users is rapidly growing, control of radiation hazards is becom- 
ing more difficult. 

5. Licensees have not, nor will they have as good a safety record 
as the AEC and its contractors. 

6. More common use of radioactive materials is resulting in a 
change in the kind of personnel handling them. 

7. Development of knowledge about nature and effects of radiation 
on human beings is changing basic safety requirements. 

8. Latent effects of radiation on human beings raises the hazard of 
occupational disease which may come as a result of chronic radiation 
exposure, or may induce genetic defects in descendants of the victim. 

This means that continued research is necessary to determine 
whether existing standards have reduced the problems of illnesses or 
injury and are adequate, or whether it is indicated that further down- 
ward revisions are necessary. 

9. Large areas of non-AEC radiation exposure—X-ray, radium 
particle accelerator—are under State regulation in the rare cases 
where they are both in existence and meaningful to workers and the 

ublic. 
; Industrial and medical uses of X-ray equipment do not operate 
under uniformly high standards, and the same is true of medical and 
hospital uses of X-rays and radium. 

The AFL-CIO wishes to thank this committee for having the fore- 
sight to provide the basis for beginning to enlarge public education 
and public debate on the matter of radiation. 

I repeat what I stated at the outset of this statement, that this 
should provide a foundation for sound and urgently needed inte- 
grated national radiation policy. 
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The AFL-CIO has for many years been carrying out educational 
programs among its own people to acquaint them with radiation 
problems as they affect not only their job safety, but their status 
as citizens. 

We will continue our efforts to help achieve the goal of sound, 
adequate radiation health and safety standards and programs uni- 
formly administered, and with human values always placed above 
all other considerations. 

Representative Hosmer. Thank you, Mr. Biemiller. I think you 
did a fine job of pulling together in one statement the many problems 
that have come up from time to time during the past 7 days. 

Mr. Bremer. Thank you, Mr. Chairman. 

Mr. Ramey. I believe the members of your organization were here 
when Secretary Flemming, Chairman of the Federal Radiation Coun- 
cil, testified this morning. He indicated that the Federal Radiation 
Council would be willing to have public discussion of their recom- 
mendations prior to their being adopted. 

When asked as to whether or not they would issue procedures or 
rules, he indicated he did not know whether that was necessary or not. 

In view of the fact that many of their recommendations will not 
be necessarily regulatory in nature, do you think it would be sufficient 
if they merely issue procedures on permitting the public and rep- 
resentatives of labor and others, to testify publicly on their resolu- 
tions and so on? 

Would that be sufficient rather than just placing them right under 
the Administrative Procedures Act? 

Mr. Bremitier. This would be a step in the right direction, Mr. 
Ramey, under the present act. You will note, however, that one of 
the points we raise is that we would like to see the powers of the 
Council strengthened by drastic amendments to section 274, so that 
the decisions of the Federal Radiation Council would constitute na- 
tional radiation standards and criteria. 

We would like these decisions to take on the aspect of regulations 
and certainly if that happens, then we would insist on the Adminis- 
trative Procedures Act being applied by instruction of the Congress. 

I will repeat, however, I will, be glad to see any steps taken in the 


way of getting more public discussion of these problems until section 
274 is properly amended. 

Representative Hosmer. It is only through public discussion that 
we will have the understanding of the general public that is necessary. 

Mr. Bremitter. Right. 

Representative Hosmer. Thank you very much for your statement. 


Mr. Bremiter. Mr. Chairman, 
a letter from Mr. Brownlow. 

Representative Hosmer. Yes; we have a letter to Chairman An- 
derson from James A. Brownlow, president of the metal trades de- 
partment of the AFL-CIO, and it will be entered in the record at 
this point. 

Mr. Bremiter. Thank you very much. 


believe there has been presented 
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(The letter referred to follows :) 


METAL TRADES DEPARTMENT, 
AMERICAN FEDERATION OF LABOR AND 
CONGRESS OF INDUSTRIAL ORGANIZATIONS, 


Washington, D.C., May 31, 1960. 
Senator CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Congressman CHeEr HOoLiFrIELp, 

Chairman, Special Subcommittee on Radiation, 
Joint Committee on Atomic Energy, 
Washington, D.C. 


DEAR CHAIRMAN ANDERSON and CHAIRMAN HortFretp: As the members of 
this committee know, the metal trades department, AFL-CIO has a broad and 
deep interest in the welfare and well-being of workers whose employment 
exposes them to the possibility of radiation injury. 

Our department is composed of 20 international unions, almost every one 
of which has membership employed in plants of the Atomic Energy Com- 
mission. We roughly estimate that over two-thirds of the organized produc- 
tion and maintenance workers at the major AEC installations are members 
of the unions of our department and its atomic metal trades councils. I will 
not burden the record by again listing such establishments which I have made 
a matter of record on numerous previous occasions in hearings before this 
committee. 

Most of our affiliates also have substantial numbers employed in the various 
types of industrial establishments using nuclear materials and radioisotopes 
in their normal industrial operations. 

We have carefully examined the testimony being submitted by Andrew J. 
Biemiller, director of the department of legislation of the AFL-CIO ‘and the 
metal trades department has joined with the AFL-CIO department of legis- 
lation in its preparation. We believe that the testimony of the AFL-CIO as 
presented by Director Biemiller is both comprehensive and complete. Con- 
sequently, we do not feel it necessary to take the time of the committee to 
reiterate the statements of AFL-CIO policy and the comments and sugges- 
tions which we have joined in preparing. 

We firmly believe that radiation-exposure control must stay with the Fed- 
eral Government and that it must continue to carry the responsibility for the 
establishment, modification, and enforcement of adequate health and safety 
regulations not only in its own plants but wherever there is any possibility of 
any of our citizens being exposed to radiation hazards of any type. 

Our department emphatically subscribes to the principle that restrictions 
must be applied first and the occupational hazards must be proven out before 
there is any relaxation of restrictions. In this. connection the procedures 
which are established must be those that leave the least possible room for 
human errors in judgment and they must be closely applied at all times. 

In its own plants, the Government holds and should continue to exercise 
the unquestioned authority to direct and control the practice of full-scale 
radiation safety by its operating contractors. 

In private plants using radioisotopes or other nuclear materials the situa- 
tion is far more complex, and has been made even more so by the passage of 
Public Law 86-373 last year, allowing for the turnover to the States of many 
of the regulatory functions which the AEC has up to now been charged with. 

The proper exercise of these regulatory functions must not be relaxed through 
transfer of the same to various of the States as allowed by Public Law 86-373. 
The adequacy of the conditions attached to the license when issued, the com- 
petency of the user, the frequency and thoroughness of periodic inspections 
by fully qualified inspectors, the enforcement of adequate monitoring and re- 
porting procedures, and the provision for prompt and effective action to suspend 
or cancel licenses must, in no event, be sacrificed in order to allow a State to 
assume these responsibilities instead of the AEC. 

We again point up the great need for workers to be properly and thoroughly 
advised, through conspicuously posted notices prepared by the Government, 
of the conditions under which their employer’s license was issued, the pro- 
cedures applicable to the license, the safety practices, devices, controls, etc., 
which their employer must provide to insure their protection from radiation 
injury. 
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Such notices should also advise the workers of their rights to obtain their 
own exposure records at any time, and of their employer’s obligation to auto- 
matically supply them with such record upon any overexposure and at least 
once each 6 months. 

These notices should advise employees of the location and telephone number 
of the Government-inspection office where complaints of violations can be filed 
and they should be fully protected against discharge or discrimination for 
filing a complaint or giving information to such inspection authority. 

We are pleased to note that AEC is presently considering such matter for 
inclusion in its long-delayed proposed revision of its part 20 regulations. 
Similar posting requirements also should be an integral prerequisite of any 
contemplated State regulatory program. 

The question of inspection, the frequency of inspection for the various types 
of licensees, the number and qualification of inspectors, the results of inspec- 
tions and the degree of compliance obtained should all be closely examined 
by the committee. 

The existing AEC internal inspection program and its inspection procedures 
and practices followed by its inspection division in checking on AEC licensees 
should be fully reported to and made a matter of record with this committee. 

With these brief comments may I again point out that the metal trades 
department concurs in the comprehensive statement of the director of the 
AFL-CIO legislative department, Andrew Biemiller, who does speak for the 
American Federation of Labor and Congress of Industrial Organizations. 

It is the policy of the metal trades department to conform to the position 
of the AFL-CIO which all affiliated organizations are committed to observe. 

With kind appreciation to the committee for allowing us to enter this brief 
statement in its record, and with all best wishes for the success of this hear- 
ing, I remain 

Sincerely, 
J. A. Brown tow, President. 


Representative Hosmer. Our next witness is Elda E. Anderson, 
president of the Health Physics Society. You may proceed. 


STATEMENT OF ELDA E. ANDERSON, PRESIDENT, HEALTH 
PHYSICS SOCIETY 


Dr. Anperson. I am speaking for the Health Physics Society on 
radiation protection criteria and standards; their basis and use. 

Objectives of the Health Physics Society are to aid in the work 
of health physics, to improve dissemination of information between 
individuals in this field and related fields, to improve public under- 
standing of the problems and needs in radiation protection and to 
promote and improve health physics as a profession. These objec- 


1Dr. Elda E. Anderson received her A.B. degree from Ripon College at Ripon, Wis. 
Her M.A. and Ph. D. degrees in physics were earned at the University of Wisconsin. She 
has served as dean of the Estherville Junior College, Estherville, Iowa; as a member of 
the summer faculty at the University of Wisconsin; and as professor of physics at Mil- 
waukee-Downer College and at Milwaukee State Teachers. College (now the University of 
Wisconsin in Milwaukee). 

Dr. Anderson spent 3 years during the war and for several months thereafter in research 
for the Office of Scientific Research and Development at Princeton University and with 
ony! eee project at the Los Alamos Laboratory. She was among the first scientists 
at Los Alamos. 

Dr. Anderson has been in charge of education and training in the Health Physics Divi- 
sion at the Oak Ridge National Laboratory since August 1949. 

She conducted the first international course in health physics. The course, sponsored 
by the World Health Organization, the Swedish Government, and the Atomic Energy Com- 
mission was held in Stockholm, Sweden, in the fall of 1955. Representatives from 10 
European countries attended the course.: In the fall of 1957, the second international 
course, attended by 26 participants. from 19 countries, was held at CEN, Mol, Belgium. 
In November and December of 1958, the third international course was held in Bombay, 
India, and attended by 31 participants. 

Dr. Anderson is presently the president of the Health Physics Society. She is a fellow 
in the American Association for the Advancement of Science and a member of the Ameri- 
can Physical Society, Sigma Xi, RESA, Sigma Delta Epsilon, the American Industrial 
Hygiene Association, and the American Nuclear Society. 
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tives are accomplished by meetings, conferences, and publications 
with emphasis on all sciences which contribute to the knowledge of 
radiation effects and radiation protection. 

The society, since its formation in June 1956, has shown stead 
wth and now has a membership in excess of 1,300. The Heal 
hysics Society is the main focal point for health physics both in 

this country and abroad. 

Perhaps it would be well to start with the definition of a health 
physicist. 

A health physicist is a person engaged in the study of the problems and 
practice of providing radiation protection. He is concerned with an under- 
standing of the mechanisms of radiation damage, with the development and 
implementation of methods and procedures necessary to evaluate radiation 
hazards and with providing protection to man and his environment from un- 


warranted radiation exposure. 
Thus, a health physicist is vitally interested in radiation protection 
criteria and standards—their basis and use. 

Forty-five percent of the members of the main committee of the 
National Committee on Radiation Protection are members of the 
Health Physics Society, and the chairmen of 8 of the 13 subcommittees, 
as well as a large percentage of the members of these subcommittees, 
are members of the society. Four of the 13 members of the main 
committee of the International Commission on Radiological Protee- 
tion are members of the society. The Chairman, Dr. R. M. Sievert 
of Sweden, is a member of the eae of directors of the society. We 
also have two directors of the IAEA who are members. 

The society publishes the Health Physics Journal in which have 
appeared many articles on radiation protection criteria, their ap- 
plication to specific situations, and the requirements that they place 
on instruments. The society has served as one of the important media 
for attracting people into the field of health physics. 

One of the early standing committees of the society was the certifica- 
tion committee organized to study the certification of health physicists. 
As in any relatively new profession, where the demand for qualified 
personnel is greater than the supply, unqualified people have taken 
positions for which they have insufficient education and training. 

In the matter of radiation protection, the risks to workers, the 
public and environment are too great for incompetence to be tolerated. 
The certification committee, after studying the problems of certifica- 
tion over a period of several years, recommended the establishment of 
the American Board of Health Physics. 

Qualifications for a certified health physicist have been published, 
and procedures for certification have been established by this board. 
I have attached a list of the qualifications for a certified health 
physicist. 

(The list is as follows :) 


QUALIFICATIONS FOR A CERTIFIED HEALTH PHYSICIST 


1. Academic.—The applicants must have a bachelor’s degree in either a 
physical or biological science with a major in physics or a major in chemistry, 
engineering or biology with a strong minor in physics. In exceptional cases, 
persons who have demonstrated adequate knowledge of health physics but who 
are deficient in the formal requirements above may, at the discretion of the 
board, be permitted to substitute experience for academic requirements. 
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2. Baperience.—All applicants must have had at least 5 years of responsible 
professional experience in health physics. One year of graduate work in a field 
closely related to health physics may be substituted for a year of experience up 
toa maximum of 3 years. Considerable weight will be given to recommendations 
from reliable persons relative to the caliber of applicant and the responsible 
nature of his work. 

3. Professional.—All applicants must be engaged in the professional practice 
of health physics a substantial portion of their time. 

4. Written report.—All applicants must be capable of making a satisfactory 
radiation protection evaluation on several installations or operations of which 
those listed below are examples. The board, after examination of the application 
for certification, will normally request reports on at least two such evaluations 
made personally by or under the supervision of the applicant. In the case of 
applicants engaged primarily in research and development in the field of health 
physics, reports of these activities which have appeared in open literature may 
be submitted alternatively. 

(a) Radiographic installation—industrial or medical. 
(b) Fluoroscopic installation. 

(c) Therapy installation. 

(d) Radioisotope laboratory. 

(e) Air and water sampling and environmental survey. 
(f) A radioisotope chemical separation plant. 

(g) Reactor. 

(hk) Major decontamination operation. 

(i) Accelerator. 

5. Examination.—Written and/or oral examinations by at least one member 
of the board and two members of an examination panel selected by the board will 
be mandatory for applicants who have satisfied all other requirements. How- 
ever, these examinations may be waived for exceptionally well qualified candi- 


dates who apply by December 31, 1960, providing this is approved by unanimous 
vote of the board. 


6. The American Board of Health Physics reserves the right to change the 
above requirements as experience dictates; no such changes to be retroactive 
and all such changes to be publicized well in advance of their inauguration. 


Dr. Anperson. The American Board of Health Physics hopes in 
the near future to have available a list of certified (qualified) health 
physicists so that employers, States, the Government, and others ask- 
ing for advice on radiation proiection will be protected from those 
who claim competence but are not competent. 

During the war years, radiation protection problems were handled 
for the most part by physicists with experience in X-rays and radium, 
and by other physicists who turned their attention to the many new 
radiation problems accompanying the employment of nuclear energy. 

At the end of the war, there was a small nucleus of health physicists 
who had learned by doing. The rapid expansion in the application 
of nuclear energy that followed the Atomic Energy Act of 1946 in- 
creased the need for health physicists. I am happy to say that the 
AEC did not leave to chance the education and training of health 
physicists. 

As early as 1948 the AEC, through the offices of the National 
Research Council, established the AEC fellowships in radiological 
physics, the purpose of which was to train college graduates for posi- 
tions in the field of health physics. The two centers of training were 
the Oak Ridge National Laboratory and the University of Rochester. 
This fellowship program has grown and expanded in the years since 
1948. It is now administered by the Oak Ridge Institute of Nuclear 
Studies, and the centers of training are now at seven universities and 
six AEC installations. Following the academic year of university 
study at the first-year graduate level, comes the unique feature of the 
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program, and a very important part of that program—the 3 summer 
months of field training in applied health physics at one of the AEC 
installations. 

I am also submitting “Careers in Health Physics,” which gives the 
course and the programs at the universities and the AEC installations. 

This fellowship program over the past 10 years has turned: out 
approximately 450 w ell-trained health phy sicists, educated in the fun- 
damental principles of radiation protection. The numbers have been 
limited only by the number of qualified applicants—the familiar short- 
age of college ¢ graduates in physics, chemistry, and engineering, and 
in n biology with some college work in physics and mathematics through 
calculus. 

As a teacher with many years of experience and 10 years in the 
education and training of health physicists, I would like to go on 
record as saying that short courses of 2 to 4 weeks or even 2 to 4 months 
cannot turn out qualified personnel. Persons whose only training is 
such a short court frequently learn just enough to get into trouble and 
then they require the services of an expert to get them out. 

The AEC, recognizing the increasing oak for health physicists 
trained at the Ph. D. lev el, inaugurated 2 years ago special fellow- 
ships for advanced training in health physics leading to the doctoral 
degree. Candidates for these fellowships must be persons working 
actively in health physics with at least 2 years of experience in health 
physics, and with the ability to do advanced study at the doctoral 
level in disciplines contributing to the profession of health physics. 

I have also submitted an enclosure on these fellowships. I also 
would like to say in answer to some of the comments made here that 
the AEC has worked actively in courses for State personnel. This past 
year we gave one at Oak Ridge National Laboratory ; the course was 
set up for State personnel and for a 10-week period. There are plans 
for more such courses to follow. I would like to say that we have not 
been overwhelmed with applications. 

The Health Physics Society, whose members are the health physi- 
cists concerned with radiation protection, urges that the radiation 
protection criteria and standards (maximum premissible exposure 
values) continue to be set by an independent group of experts, by a 
group of persons chosen for membership on the committee because 
they are authorities in radiation protection problems and for no other 
reason. 

To set standards in a field so critical for human and national welfare 
by any group other than by a group of experts is inconceivable. The 
National Committee on Radiation Protection for years has given the 
country a set of guidelines which the qualified health phy sicist consid- 
ers reasonable, conservative, and practical, and which he has been able 
to use with confidence. 

I think this is particularly true since we have established limits on 
integrated exposure. One point that cannot be overemphasized is the 
fact that just because a person has‘a Ph. D in physics, this alone does 
not qualify him as a health physicist. Also, a degree in medicine does 
not necessarily imply that the M.D. knows any health physics. Per- 
haps the name “health physics” has contributed to this prevalent but 
dangerous misconception. 
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I think that we have to remind ourselves that keeping the matter 
of radiation hazards and controls in some sort of reasonable prospec- 
tiveisa problem. These hazards are relatively new. They are bound 
up in complex emotions. Therefore, they are often overemphasized in 
comparison with commonly accepted hazards. The size and vigor of 
the Health Physics Society bears strong testimony to the importance 
of health physics as a profession. The society is trying to hold up a 
high technical standard by its journal, its meetings, and its certifica- 
tion program. We would like to insist that such matters as maximum 
permissible exposure limits be approached in a scientific manner by 
technically qualified individuals. 

The Health Physics Society would like to thank the Joint Committee 
for the privilege of being heard today. 

Representative Hosmer. Miss Anderson, you have covered some 
points here which have not been covered before. You have made a 
valuable contribution. 

Dr. ANperson. Fine. 

Representative Hosmer. I gather that the Health Physics Society 
isa national organization or is an international organization ? 

Dr. Anperson. It is an international one. It is called a Health 
Physics Society. We have a large number of members from foreign 
countries in it as well as from this country. 

tepresentative Hosmer. Are you divided into chapters ? 

Dr. Anperson. We are now having chapters in this country and I 
expect very shortly we will be organizing a European section. 

Representative Hosmer. Where is your headquarters ? 

Dr. Anpverson. Our headquarters happen to be at the present time 
wherever the president happens to be. We do not have permanent 
headquarters. We are hoping this coming year to be able to establish 
permanent headquarters. 

Representative Hosmer. You mention the American Board of 
Health Physicists in your proposal. Of what nature would you sug- 
gest that that be? Independent of Government ? 

Dr. Anperson. The Health Physics Society initiated the American 
Board of Health Physics, but this would be like any other certification 
board. It should be an independent body. The American Board of 
Health Physics at the present time is being incorporated in the State 
of New York. It has a membership of five, which will be expanded 
later on. We are setting the standards of the qualifications for a 
certified health physicist. I think I have given you a set of them. 

We will be certifying, we hope at least during this year. We will be 
giving examinations where examinations are necessary. 

Representative Hosmer. Is your membership limited to such certi- 
fied individuals? 

Dr. Anperson. No. The membership of the Health Physics So- 
ciety is not limited to certified health physics. 

Representative Hosmer. Do you have to be in the field or just inter- 
ested in the field ? 

Dr. Anverson. In the matter of the Health Physics Society, in- 
terest in it is sufficient for an associate member. e do have quali- 
fications for fhe people who are active members. At least a portion 
of their time must be spent in health physics. Not perhaps 100 per- 
cent, but they must have a very strong interest in it. They must be 






570 RADIATION PROTECTION 


doing some work in it or have close association with it, but we do have 
,0ssibilities for associate members, people who might be interested 
in the field but who are not actively working in it. 

Representative Hosmer. Mr. Ramey ¢ 

Mr. Ramey. Dr. Lauriston Taylor in his statement on May 11, 
mentioned the overall role of the NCRP stating that the NCRP 
has also dealt with the total problem of radiation protection including 
recommendations based on nonscientific finding. its recommendations 
involving social and economic questions have been taken up largely 
by default, since in the last year or two no other group has given these 
problems any consideration. 

Now, we have had quite a bit of discussion about the role that other 
than strictly scientific or technical people could play in the establish- 
ment and implementation of radiation standards. I notice in your 
statement you mention that the standards need to be set up by experts. 
Do you not need experts in the social disciplines as well? 

Dr. Anverson. I think I said “technically qualified individuals”; 
certainly if you are going to look, and I think we should look, into 
the social-economic factors as well, because there are many times 
when one will balance the good of something against perhaps the 
damage that might be done. So, I certainly would include in my 
technically qualified experts people in the other fields as well. 

Representative Hosmer. Thank you, Miss Anderson. 

Dr. Anprerson. Thank you. 

Representative Hosmer. Our next witness is Mr. Irving Michelson 
of the Consumers Union. 

Mr. Michelson, will you come forward. If your statement does 
not include it, will you describe the Consumers Union ? 


STATEMENT OF IRVING MICHELSON, CONSUMERS UNION 


Mr. Micuertson. My statement has a brief mention of the nature 
of Consumers Union. Would you prefer me to elaborate at that point 
in the statement ? 

Representative Hosmer. Yes, so that we will have it on the record. 

Mr. Micuetson. Yes, sir. 

Consumers Union commends the Special Subcommittee on Radia- 
tion for holding these hearings which provide— 

(1) A public forum for expression of opinion on radiation 
protection standards, which are of vital interest to the American 
people, and to the rest of the world as well; 

(2) An opportunity for official, quasi-official, and private 
agencies to learn about each other’s viewpoints, current programs, 
and future plans in this field; and 

(3) An opportunity to evaluate the general pro in de- 
veloping a sound basis for such ey and to make construc- 
tive suggestions for furthering our understanding and us of 
them. 


1Irving Michelson has been with Consumers Union since 1947 as head of the chemical 
division, head of the special projects division, and assistant technical director, before 
assuming his present position of director of public service projects. Prior to coming to 
Consumers Union he was a chemist in the U.S. Customs Laboratories in New York and 
in Boston. He attended George Washington University and Brooklyn College. 





o.0 oe > - -  a ae 


oe = 


oo me es 





i © 


ire 
int 


1a- 


101 


/ 








RADIATION PROTECTION 571 





We also wish to thank the subcommittee for its invitation to pre- 
sent our views. 

It is our opinion that the consumer is entitled to be kept informed 
of potential hazards to himself and his family, and is entitled to 
protection against such hazards. The role of Consumers Union in 
this area is primarily to keep the consumer informed; it cannot pro- 
tect him. But it can promote the development of protective measures 
by voicing the interest of consumers, by calling attention to areas of 
research which we feel are being neglected, and by helping to finance 
such research, if necessary. 

Consumers Union is a nonprofit organization, one of whose main 
purposes is to provide consumers with information and counsel re- 
lating to consumer goods, through the medium of the publication 
Consumer Reports. We publish this monthly magazine which goes 
to subscribers all over the country. Our subscribers number approx- 
imately 850,000, but studies that have been made in the field indicate 
that we have about 4 million readers. As an integral part of such 
service, we have found it necessary, during the past 2 years, to test 
milk and the total diet for strontium 90, in order to inform our 
readers of the amount of such contamination in the foods they eat, and 
to attempt to interpret our findings for them. 

For the latter purpose, the only available guides or standards 
have been those of the International Commission on Radiological 
Protection and the National Committee on Radiation Protection. Our 
brief experience with these gives us some competency to answer one 
of the questions raised in the “Outline of Hearings,” namely : “Why 
do the present criteria and standards cause public confusion ?” 

The present criteria and standards have no firm basis in either 
laboratory or epidemiological research, as has been attested to by wit- 
ness after witness at these hearings. The lack of a really firm basis 
makes it possible for different scientists to put pronouncedly different 
interpretations upon them. 

Two examples from the preprint of these hearings will suffice to 
illustrate this point: (1) Dr. W. B. Harris, Director of the Environ- 
mental Sciences Division of the AEC’s Health and Safety Laboratory, 
states (on p. 47) : 

One can therefore find incorporated into many of the maximum permissible 
dose rate figures factors of safety of between 1,000 and 10,000. 

‘He goes on to argue that these maximum permissible dose rates are too 
low, and that we need not play it so safe, by saying (on p. 54) : 


Safety factors of the order of 1,000 to 10,000 are not reasonable. 


(2) On the other hand, Dr. E. B. Lewis, Division of Biology, Cali- 
fornia Institute of Technology, states (on p. 407) : 


When such maximum permissible doses are evaluated in this way (assuming 
directly proportional relation between dose and effect) it is found that they 
could result in sizable numbers of individuals being adversely affected annually. 
In such circumstances, it becomes essential to exert effort to keep the average 
dose to the population as far below the “maximum permissible” one as possible. 

So long as such conflicting statements continue to appear, and 
rs for many years afterward, confusion in the public mind will 

inevitable. Adding to the confusion are the many conflicting 
opinions given in the preprint as to whether radiation protection 
58454 O—60——37 
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problems are unique, or are no different from other problems of en- 
vironmental health. 

The inadequacies of existing information to furnish a firm basis 
for radiation protection criteria and standards have been spelled out 
in many data-and-soul-searching papers in the preprint, and there 
is no need for Consumers Union to labor these points. Until more 
fundamental information is available as a basis for assessment, our 
own point of view must continue to be that these maximum permissible 
limits involve risks of unknown magnitudes to an unknown proportion 
of the population, and that until definitive assessments of these un- 
knowns are forthcoming, it is wiser that we lean over backward than 
fall flat on our faces. 

We feel that the interests of the consumer require us to advocate 
and to promote more research on biological effects of radiation and 
more monitoring of our environment, to fill in the gaps in our know]l- 
edge, and to make it possible for the public to be better informed, both 
on the basic nature of the potential hazards of radiation, and on the 
amounts of radioactive materials being ingested. Only in this way 
can the public have a basis for making its own reasoned judgments 
about public policy in this vital area. 

We feel that research efforts in radiation protection criteria should 
be accelerated, for the following reasons : 

(1) In spite of the reassuring statements which appear in the press 
from time to time that the fallout from past bomb tests is almost over, 
the amount of strontium 90 in milk and foods has still shown no 
definite signs, no consistent signs, of decline, and may still be build- 
ing up for some time to come. We do not know whether the accumu- 


lation of radioactive fallout products in the human body have reached 
their peak, since we are not sure even of the extent to which plants 
take up strontium 90 from the soil. 

(2) We are not sure, in view of the ene political situation, 


that bomb testing on a large scale may not be resumed in the near 
future. In such a case, it is obvious that the levels of contamination 
of our environment would be increased again, despite the fact that 
we may still have no clear idea of the hazards confronting us. 

(3) Even were bomb testing not resumed, and fallout hazards 
were to become a thing of the past, the increasing use of radioactive 
materials in peaceful enterprises—in power production, medical re- 
search, and industrial uses—can eventually cause more contamination 
of our environment than already has been caused by bomb testing. 

Consumers Union believes that the scientific community must be 
foresighted enough to take advantage of current opportunities for 
research, before such opportunities shall have passed us by forever, 
in order to be better prepared to evaluate our future situations. 

We believe that possible research avenues for evidence of biological 
effects have not been adequately explored or exploited in the past, 
particularly epidemiological studies. 

For example, it may be that the records of the better hospitals 
over the country have valuable data which could be useful. If such 
records are inadequate, upon examination, or not sufficiently uniform 
to serve such purposes, it should be possible to arrange to have the 
hospitals, or at least a significant number of them, keep better and 
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more uniform records, and to make them available for epidemiological 
studies. 

The same may be said of vital statistics in general, on which the 
USPHS has been attempting to obtain uniform and more carefully 
prepared reports. It also may be possible to initiate a much wider 
bone collection from post-mortem specimens, for better studies of bone 
burdens of radioactive bone seekers, if hospitals can be persuaded to 
join such an undertaking. It should also be possible for the Public 
Health Service to obtain and analyze samples of the total diet in 
much the same way as Consumers Union has recently done, but on a 
much wider scale. I shall have more to say about this shortly. 

These kinds of data would give us a better basis for epidemiological 
studies than we now have. In fact, it is our opinion that such thin 
should have been started several years ago, in which case we now might 
have been somewhat closed to a firm basis for our radiation protection 
standards, and some of the confusion might have been eliminated. 

Consumers Union also believes that there is no adequate coordination 
of research efforts in this field, with consequent loss of effectiveness, 
and no development of an integrated plan of attack on the problem. 
We believe it to be the duty and responsibility of the Public Health 
Service to fill this gap. 

The studies of the strontium 90 content of bone and of total diet 
have one peculiar aspect in common—that private groups seem to be 
at least one step ahead of official Government agencies which have or 
have had the responsibility for such studies: 

(1) The pa group known as the Greater St. Louis Citizens 
Committee for Nuclear Information has embarked on a gigantic scale 


collection of children’s baby teeth—in order to get a much larger sam- 
pling for studying retention levels of strontium 90 than is possible 
under present limitations of obtaining bone samples. (The ratio of 
strontium 90 retention of teeth to that of bone is also being deter- 
mined, of course. ) 

(2) Consumers Union had samples of the total diet (the total food 
intake typical for ee prepared in each of 26 universities last 


November. Each sample comprised the total food, milk, and water 
intake of 1 individual for 2 full weeks—42 complete cooked meals plus 
snacks. These were all tested for strontium 90 and for calcium, and 
the results were reported in the June issue of Consumer Reports. 

A copy of this report is attached for insertion in the record. 

Representative Hosmer. I am not going to admit it into the record 
at this time because the matter has not been discussed with some of 
the members. We will either place it in the record or in the files of 
the committee. 

Mr. Micuetson. Fine. 

(Document referred to is on file with the Joint Committee.) 

Mr. Micuetson. Five of these total diet samples have also been 
tested for radium 226 as well, but we have not reported these results 
yet. They raise problems which are difficult to interpret in the light 
of present radiation protection standards, and we have not had time 
to consider their meaning at sufficient length to comment on it at this 
time, except to point out that they confirm the estimate of total dail 
radium intake by Muth et al. in the February 1960 issue of Health 
Physics. 
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There are two points we should like to emphasize in connection with 
our total diet data: First, in spite of the fact that such determinations 
are the only way to obtain information on the actual total radioactive 
contamination of the food of the local population in various parts of 
our country, the total diet studies of Consumers Union are the first 
such determinations ever to have been made. 

Second, CU’s tests revealed that neither milk nor any other single 
food, or combination of a few foods, can be used as a reliable index of 
how many strontium units the public is actually ingesting. 

We are not so much proud of our having been the first to make such 
determinations as we are chagrined that our Government has failed 
to obtain such data itself on a wide scale during the past few years. 
And it is clear from the preprint of these hearings that present Gov- 
ernment plans call for only a token study of this kind to be started 
sometime during the next fiscal year, a total of three samples per 
month. 

Only with a continuing study of the total diet on a comprehensive 
nationwide scale can we determine, in really meaningful terms, the 
presence and degree of “hot spots.” 

Only on such a basis can the hot-spot problem, in terms of what 
people are actually ingesting, be evaluated scientifically. 

In addition, such total diet samples can be used to obtain data not 
only on fallout products in our foods, but also on the naturally occur- 
ring radioactive materials which form part of our so-called back- 
ground radiation. We believe the Government can get a wealth of 
information—on strontium 90, cesium 137, plutonium 239, radium, 
thorium, and many other natural and manmade contaminants in 
our diet—from such samples. And this can be done at a relatively low 
cost. Consumers Union would be happy to make available to the Gov- 
ernment the benefit of our experience in gathering such samples. 

If such samples should show the consistent presence in our total 
diet of significant quantities of several radioactive bone-seeking con- 
taminants, it may be found possible to revise the radiation protection 
criteria or standards to take account of the simultaneous presence 
of such materials. 

For the various purposes and reasons stated above, Consumers Union 
strongly recommends that the U.S. Public Health Service move more 
vigorously to meet its responsibilities for initiating a coordinated 
research and monitoring program which will give clear and firm bases 
for evaluating the meaning of both the radiation standards and the 
impact of our population’s intake of radioactive contaminants. 

We particularly stress the urgent need for monitoring the total diet 
and for conducting large-scale epidemiological studies. We believe 
that the several States should take a much more active interest in such 
matters, to help in the national research effort and to obtain better 
insights into their own local conditions. 

Representative Hosmer. What is your own association with the Con- 
sumers Union? Are you an official of the group or what ? 

Mr. Micuetson. I am director of the public service project program. 

Representative Hosmer. What is that? 

Mr. Micuetson. The scope of Consumer Union’s work includes re- 
porting on the quality of such commodities as refrigerators, washing 
machines, and so forth, and on medical and economic problems of the 
consumer, as well. 
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Last year we initiated the program of public-service projects to 
include work on radioactive contamination, air pollution, water pollu- 
tion, and such matters. 

Representative Hosmer. The article to which you referred, in the 
June issue of your monthly bulletin, has no attributions as to author. 
Is it staff work or work done by somebody else? What was its source ? 

Mr. Micuetson. The analyses of CU's samples of milk and of the 
total diet were performed by Isotopes, Inc., of Westwood, N.J., a 
consulting laboratory which is also used by the AEC. 

Representative Hosmer. Did they write the text of this or was the 
text written by your people, edited from the report you got? 

Mr. Micuetson. The text was written by Consumers Union on the 
basis of the analytical report we received from Isotopes, Inc. 

Mr. Ramey. Cans you give us an idea of the cost of such a study ? 
We do not want to press you on this, but we thought we might be able 
to suggest this to the Public Health Service. 

Mr. Micuetson. This was discussed with the Public Health Serv- 
ice long before we initiated it, suggested to them, in fact. As a result, 
they asked for an appropriation to start on this program beginning 
the next fiscal year. But the actual cost, including the mechanical as- 
pects of having the foods purchased and cooked in different localities 
and shipped and tested, amounted to approximately $400 to $500 per 
sample. 

r. Ramey. How many samples? 

Mr. Micuetson. We did’ 26 samples. The total cost was a little 
over $10,000. The original test was for strontium 90 and for calcium. 
The costs I cited did not include tests for other radioactive elements as 
well. There have been five tests forradium. Two tests for plutonium 
have been started. As to whatever else can profitably be determined 
on these samples, we have offered the samples to the Atomic Energy 
Commission for them to examine for other radioactive contaminants. 

The reply we received indicated such a meager interest, with the 
possibility that these samples would be left on the shelf, that we are 
considering withdrawing our offer to AEC and pursuing the matter 
further ourselves. 

Representative Hosmer. Thank you very much, Mr. Michelson. 

ee correspondence between the Joint Committee and the 
Public Health Service concerning Dr. Michelson’s testimony follows :) 

CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 


Washington, D.C., June 15, 1960. 
Hon. Leroy E. Burney, 


Surgeon General, U.S. Public Health Service, 
Department of Health, Education, and Welfare, 
Washington, D.C. 


Dear Dr. BuRNEY: The enclosed statement of Dr. Irving Michelson and the 
attached “Consumer Reports” article were presented to the Special Radiation 
Subcommittee of the Joint Committee on Atomic Energy at its recent hearings on 
the basis and use of radiation protection criteria and standards. 

In his statement Dr. Michelson mentions several types of surveys and studies 
which he believes should be undertaken, some of which he suggests could be 
appropriately carried out by the Public Health Service. 

It would be appreciated if you would furnish the Joint Committee a state- 
ment of your views on these suggestions, particularly the one dealing with total 
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diet samples mentioned on page 4 of the statement. We are interested in 
learning of the feasibility of these suggestions as well as whether the Public 
Health Service is now engaged in or plans to undertake relevant studies. 
Sincerely yours, 
JAMEs T. RAMEY, 
Executive Director. 


DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE, 
PuBLIC HEALTH SERVICE, 
Washington, D.C., July 8, 1960. 
Mr. JAMES.T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


Dear Mr. Ramey: This is in reply to your letter of June 15, 1960, 
requesting our comments on the suggestions made by Dr. Irving Michelson, 
director of public service projects, Consumers Union of U.S., Inc., his testimony 
before the Special Radiation Subcommittee of the Joint Committee on Atomic 
Energy. In this request for our views, you indicated a particular interest in Dr. 
Michelson’s statement appearing on page 4 of his testimony, “It should also be 
possible for the Public Health Service to obtain and analyze samples of the total 
diet in much the same way as Consumers Union has recently done, but on a 
much wider scale.” 

In attempting to evaluate the dietary problems, we should first point out that 
limited spot samples of individuals’ meals, as conducted by Consumers Union, 
provide one set of data for only one set of circumstances. Because of wide 
variations one cannot apply these data to large and differing populations with 
any large degree of certainty. Since it is not possible, physically or financially, 
to analyze all items of consumption, a monitoring program is necessarily con- 
fined to limited quantities. Therefore, a reliable method of selection which gives 
the greatest promise of yielding valid estimates of dietary intake over the 
range of differences as may exist in the United States is needed. As a matter 
of fact, at the Public Health Service’s Robert A. Taft Sanitary Engineering 
Center, attempts are being made to evaluate sampling techniques involving collec- 
tions of certain representative food groups and food items spaced in time and 
geographical locations calculated to produce reliable estimates of total dietary 
intake. 

In addition, we are currently cooperating with the Department of Agriculture 
in developing dietary intake tables for the United States as a whole and for 
four major regions of the United States. The first of these reports will appear 
in the August issue of Radiological Health Data, a publication of the Depart- 
ment of Health, Education, and Welfare. Data on the radioactive content of 
food groups and food items can be entered into these tables as they become availa- 
ble and appropriate evaluation made therefrom. 

As you are well aware, considerable information has been published on radio- 
activity in foods. We believe that data such as that summarized in “The 
Nature of Radioactive Fallout and Its Effects on Man,” hearings before the 
Special Subcommittee on Radiation of the Joint Committee on Atomic Energy, 
Congress of the United States, May—June 1957 and “Fallout From Nuclear Weap- 
ons Tests,” hearings before the Special Subcommittee on Radiation of the Joint 
Committee on Atomic Energy, Congress of the United States, May 5-8, 1959, 
are among the best of this nature. We have also provided some additional 
information in Radiological Health Data for May 1960 (a copy of which is 
attached) and expect to have more in the forthcoming July issue. Other publi- 
cations which we believe to be useful include the Atomic Energy Commission’s 
published data in their Health and Safety Laboratory Reports Nos. 42 and 77, as 
well as those of individual scientists who have published data on radioactivity 
in foods in several periodicals such as Science, 128, 3329, 882-886, Science, 125, 
1273, and Science, 127, 283. 

The Public Health Service also is cooperating with the Department of the 
Army (Quartermaster Food and Container Institute for the Armed Forces, 
Chicago, Ill.) in initiating a program of collection and analyses of field ration A 
consisting of 261 food items. The bulk composite food samples which corre- 


spond closely to normal civilian diet will be analyzed at one of the Public Health 
Service laboratories. 
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The Public Health Service has under consideration long-range plans for 
monitoring the radioactivity content of man’s environment with the ultimate 
objective of estimating radiation exposures to the population. Food collections 
and analyses are a part of these plans and include drawing upon the extensive 
capabilities of the State health departments throughout the United States. 

Other Federal Government agencies such as the Food and Drug Administra- 
tion and the Atomic Energy Commission have additional plans for food monitor- 
ing and you may wish to contact them. 

A second principal point introduced by Dr. Michelson in his testimony was 
the desirability of large scale epidemiological studies. The design and conduct 
of epidemiological studies are most difficult tasks even under favorable circum- 
stances. For example, epidemiological studies proposed to reveal biological 
differences in radiation exposure must depend on techniques, as yet incompletely 
developed or not existing at all, in order to differentiate one cause (radiation) 
from many possible causes. Further, the variances within this one cause between 
different population groups are relatively small. Despite these difficulties 
engendered by the necessity to develop techniques and competencies in these 
type of epidemiological studies, we have selected certain areas such as the San 
Juan Basin in New Mexico to conduct pilot epidemiological studies. We are 
planning to proceed with additional efforts in this field as rapidly as technologi- 
cal achievements permit. We believe that such efforts will gradually increase our 
technical competencies and add to our knowledge respecting the effects of 
exposure to radiation in the environment. 

If we can be of any further assistance, please do not hesitate to let me know. 

Sincerely yours, 
ARNOLD B. KURLANDER, M.D., 
Acting Surgeon General. 


JULY 21, 1960. 
Dr. IRVING MICHELSON, 


Director, Public Service Projects, 
Consumers Union of the United States, Inc., 
Mount Vernon, N.Y. 


Dear Dr. MICHELSON: Attached for your information is a copy of a letter re- 
ceived from the Public Health Service in response to our request for comments on 


parts of your testimony at our recent hearings on “Radiation Protection Criteria 
and Standards.” 


Sincerely yours, 


JAMES T. RAMEY, 
Ezecutive Director. 


CoNSUMERS UNION, 


Mount Vernon, N.Y., August 8, 1960. 
Dr. JAMES T. RAMEY, 


Erecutive Director, Joint Committee on Atomic Energy, 
Congress of the United States, 
Washington D.C. 


DeaR Dr. RAMEY: Thank you for your letter of July 21 with its enclosure 
containing the comments of Dr. Kurlander on my testimony at the recent hearing 
on “Radiation Protection Criteria and Standards.” 

I believe the Public Health Service is doing as much as it can with the funds 
available to it. If I did not make it clear in my testimony, I believe the Public 
Health Service would need more funds to embark on any additional work. 

Regarding epidemiological studies, I am fully aware of the tremendous difficul- 
ties inherent in such studies, but I believe that pilot studies at least should be 
done as soon as possible in order to make it possible to obtain information of this 
nature, by finding what the difficulties are and overcoming them. 

Sincerely, 
IrvING MICHELSON, 
Director, Public Service Projects. 


Representative Hosmer. The next witness is Dr. Allan M. Butler, 


eeeting the Sane Nuclear Policy Committee. 
r. Butler, will you come forward? 
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STATEMENT OF DR. ALLAN M. BUTLER,’ PROFESSOR OF PEDI- 
ATRICS, HARVARD MEDICAL SCHOOL, AND CHIEF, CHILDREN’S 
MEDICAL SERVICE, MASSACHUSETTS GENERAL HOSPITAL, REP- 
RESENTING THE NATIONAL COMMITTEE FOR A SANE NUCLEAR 
POLICY 


Dr. Butter. I am Dr. Allan M. Butler, professor of pediatrics at 
the Harvard Medical School, and chief of the Children’s Medical 
Service, Massachusetts General Hospital. I represent the National 
Committee for a Sane Nuclear Policy. 

As a physician, my concern regarding radiation hazards pertains 
to the public’s present and future health. Certainly, the establish- 
ment of standards of maximal permissible exposure of individuals 
and maximal concentrations of water, atmosphere, and food are highly 
desirable, either as a limit or as guides, if the scientific knowledge of 
thermonuclear reactions is to be used constructively to society’s bene- 
fit and not irresponsibly with unknown risks to our present society 
and future generations. 

To answer one of the questions posed to those mae here by 
the committee, it should be emphasized that the problems of radiation 
protection are so unusual that they have little analogy to those in other 
fields of hazard protection. 

As Viscount Hailsham, speaking this winter as Minister of Science 
in the House of Lords, England, commented : 


I believe that it is worthwhile bearing in mind the nature of the particular 
hazards and the characteristics of the particular material, danger from which 
it is the object of the bill to prevent. 

First, I would draw your attention to the difficulty of detecting at all, by any 
of the senses or by measuring without highly specialized equipment, what 
substances are radioactive and what are not. This fact, in itself, renders the 
task of safeguarding the public against the consequences of injudicious dis- 
posal of radioactive waste somehat different in character from that of dealing 
with the kind of nuisance or danger to health which the Local Authority Acts 
of one kind or another require local authorities to prevent. 

Secondly, I would draw attention to the long lapse of time which inevitably 
is likely to occur before any damage caused by exposure to radioactive sub- 
stances is actually detected, and the consequent difficulty—and perhaps im- 
possibility—in most, if not all, cases, of being able to attach the damage to any 
particular exposure which has taken place and to relate the cause to the effect, 
when the effect is seen. 


The special problems thus created are mentioned in your Joint 
Committee Print on Selected Materials on Radiation Protection Cri- 
teria and Standards by Dr. Weber of the U.S. Public Health Serv- 


1Born Apr. 3, 1894, in Yonkers, N.Y. Education: Princeton, 1916; Harvard Medical 
School, 1926: Rockefeller Institute, 1926-28; fellow in pediatrics, Harvard Medical 
School and Children’s Hospital in Boston, 1928-29. Positions: Tutored the biochemical 
sciences at Harvard, 1928-30; instructor of pediatrics at Harvard Medical School and 
clinical assistant at Children’s Hospital, 1930-35; associate at Harvard Medical School 
and at the General Hospital in Boston, 1935-37; assistant professor of pediatrics, 
Harvard Medical School, 1937-42; physician at Children’s Hospital, 1937-42; senior 
surgeon, U.S. Public Health Service and chief medical officer for the New England area 
Office of Civil Defense, 1941-42; Milarial Clinic and Testing Committee and Committee on 
Sea and Air Rescue, OSRD, 1942-45; associate professor of pediatrics, Harvard Medical 
School, 1942-45; chief of Children’s Medical Services, Massachusetts General Hospital, 
1942-60; professor of pediatrics, Harvard Medical School, 1946-60; professor of pedi- 
atrics emeritus, Harvard, 1960; director of clinical services and chief of pediatrics, 
Metropolitan Hospital and Clinic, Detroit, Mich., 1960. Associations: President of Ameri- 
ean Pediatrics Society, 1955-56; president of New England Pediatrics Society, 1957-58: 
president, Physicians Council for Information on Child Health, 1957-58: chairman of 
Physicians Forum, 1960. Publications: Some 150 publications on nutrition, metabolic 
disorders, renal disease, diabetes, biological chemistry. 
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ice, Mr. Dresch of Stanford Research Institute, and Mr. Healy of the 
Hanford Laboratories. 

Even if the difficulties in appraising and enforcing such standards 
as mentioned are overcome, certain particularly serious hazards re- 
main. For example, there is a bill before the Massachusetts Legis- 
lature, House 2904, establishing an atomic fuel reprocessing plant 
(misleadingly referred to as a nuclear park), at Camp Edwards ad- 
jacent to the Otis Air Force Base on Cape Cod. Standards for max- 
imal permissible contamination of the atmosphere, water, vegetation, 
beasts, fowl, and fish in microcurie orders of magnitude could reduce 
the hazards incident to the continuing operations of such a plant if 
effectively enforced. But how can such standards protect against the 
hazards of accidental leakage, spillage or other operational accident 
that would disseminate megacurie amounts of the high activity waste 
produced by the routine operation of such a plant ? 

The unsolved problems of operational nuclear accidents and disposal 
of high-potency waste are mentioned in your Joint Committee print by 
Dr. Chauncey Starr of North American Aviation and Mr. J. Fe Fair- 
man of the Consolidated Edison Co. of New York. 

It is generally a that such waste cannot be disposed of at sea 
and must be buried on land. As far as I know, no standards pertain- 
ing to the density of population, water table level, drainage, nature of 
soil and atmospheric conditions within a certain area of such a plant 
have been established, though precautions have been taken as, for ex- 
ample, at the plant near Arco, Idaho. Mr. Sandbank of the American 
Municipal Association indicated the lack of standards this morning. 

Certainly no such standards have been mentioned in the Massachu- 
setts Legislature’s special report, House No. 2290, of its investigation 
and study relative to the establishment of the Cape Cod plant. 

Indeed the scientists appearing at the hearings felt the risk to be 
so great that they all opposed the project. Among them were Dr. 
Shields Warren, Boston, consultant in biology and medicine for the 
AEC; Prof. Charles Coryell, nuclear chemist at MIT, and formerly 
associated with the Manhattan project; Dr. Bostwick Ketchum, sen- 
ior oceanographer, Woods Hole Oceanographic Institute; Dr. Alfred 
Redfield, past professor of physiology, Harvard, and senior oceanog- 
rapher emeritus, Woods Hole; Dr. Andrew Bunker, meteorologist at 
the Woods Hole Institute; Dr. Albert Szent-Gyorgyi of the Marine 
Biological Laboratories, Woods Hole, and Prof. Cyrus Levinthal, 
biochemist, MIT, Cambridge. 

I would like to quote from Dr. Warren’s comments published in the 
Falmouth Enterprise, April 29, 1960. I will make the quotes from his 
comments brief. 

Representative Hosmer. Do these pertain to the issue in Massachu- 
setts on the so-called Nuclear Park? 

Dr. Butter. They do. They give an example of the toxicity to 
which the public will be subjected by such a plant by such an au- 
thority as Dr. Shields Warren. I give them for that reason. 

Representative Hosmer. Would you rather put those in the record 
at this point ? 

Dr. Burter. I would like to put his full comments in the record 
and I will very briefly mention a few sentences. 

Representative Hosmer. You may select out what you choose. The 
reason, Doctor, is that I personally dislike to get various statements in 








580 RADIATION PROTECTION 


the record when we do not have an opportunity to examine the person 
who made them. We will take them as statements of which you ap- 
prove. 

Dr. Butter. Right; then I will quote briefly from his comments. 


The nuclear business is one that poses some unusual problems. Many types 
of nuclear reactors require large volumes of water for cooling and other purposes. 
If the water is used for cooling within the reactor it is dangerously radioactive 
and cannot be discharged back into the water table. It would have to be wasted 
into the sea. This would be tragic for an area such as Cape Cod with no major 
rivers and where, in times of drought, water can be an acute problem. 


Representative Hosmer. Dr. Warren there is referring to high level 
radiation or low level radiation ? 

Dr. Butter. He is referring to the high level radiation which is 
characteristic of the waste from a fuel reprocessing plant. 


Sea water cannot be used because of the radioactivation of the contained salts. 
If water is not used within the reactor but for condensing purposes, huge volumes, 
as much as 130 million gallons per day, are required and the evaporation lost 
from a cooling tower is still great. 

The chief industry spoken of for the proposed nuclear park is a chemical 
processing plant. This is the most dangerous type of business in the nuclear 
field— 

(1) Because the materials brought to the plant are highly radioactive 
and may well include plutonium, the most dangerous chemical element known 
to man, and numerous radioactive fission products such as iodine 131, 
strontium 90, and other undesirable isotopes. 

(2) Because the chemical processing consists essentially of separating 
the uranium of the fuel elements from these components and these radio- 
active components must be stored or disposed of. 

Because of the sandy nature of the cape soil, because of the character of 
the water table in that soil, it would be impossible to store radioactive waste 
without at least potential danger of contamination of the water supply of most 
of the cape. 

Obviously discharge of radioactive waste cannot be made in the Massachusetts 
Bay as this might provide a troublesome level of contamination to many of our 
most valuable resort beaches and ruin the fishing industry. 

Finally, even in the best regulated of operations, such as those performed by 
the Atomic Energy Commission, contractors, there are still possible dangers of 
accident. Consequently, chemical processing plants have been placed in relatively 
isolated areas, certainly not a region immediately adjacent to a vital airbase 
and fairly close to sizable centers of population such as Cape Cod provides 
in the summertime. 

One might well conceive of an accident that required the evacuation of thou- 
sands of vacationists from the Cape Cod area which might have to be by boat 
since Routes 6 and 28 are close to the proposed site. A blow such as this once 
sustained would be ruinous to the vacation industry of the cape which is far more 
vital and remunerative than the nuclear park could hope to be. 

I would advise, in the light of the foregoing, that the Falmouth Enterprise 
fight the establishment of the nuclear park in spite of the fact that the park is 
desired by many businessmen. 

I am sure that if these businessmen were as familiar with the health and safety 
problems of the atomic energy industry as I am, they would be fighting as hard 

against the establishment of the nuclear park as they are fighting for it at the 
present time. 


Dr. Butuzr. No scientist spoke in favor of the bill. Proponents 
were interested primarily in the business involved in constructin 
the plant, making no quantitative comparison of the small order o 
magnitude of the employment and business provided by the operation 
of the plant relative to the employment and income derived from the 
$100 million annual business of the traditional industries of Cape Cod. 
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This committee asks to what extent should the necessary technical 
subject matter behind radiation protection criteria and standards in 
the application be explained to the public. I would suggest, as have 
the representatives of the AFL-CIO, that they should be explained 
to the fullest extent possible. 

Though it seems unlikely the legislature will approve the bill, the 

ressure for approval by the private industry and the Navy is disturb- 
ing in view of the opinion of the experts and a 20 to 1 public vote 
against the proposal. 

The contributions of the scientists were unfamiliar to some of the 
legislators and proponents. Some considered the scientists as “egg- 
heads” and some comments reminiscent of McCarthy even insinuated 
the scientists were fellow travelers or Communist sympathizers. 

Many felt the bill should be passed, leaving it up to the AEC and 
the Department of Health to stop construction or operation unless the 
safety standards are met. We may hope this trust is justified, but 
the possibility would seem better were the U.S. Public Health Service 
to be more directly given the principal responsibility for standards, 
inspection, and control; the AEC, for example, having in a sense 
special interest in the expansion of the industry. 

The question still presents, what standards are there that protect 

against the hazards of the accidental dissemination of megacurie 
amounts of radioactive waste that may persist for hundreds of years. 
As Dr. Starr states in your print— 
Unforeseen events may occur during the operation of nuclear plants. The 
maximal permissible emergency exposures have not been officially established. 
Thus the problem facing Massachusetts and the cape is a specific 
instance of one of the most serious problems facing civilization in the 
development of atomic industry. It deserves to be dealt with as 
factually and adequately as possible. 

Certainly we should make use of the scientific knowledge that pro- 
vides the possibility of using thermonuclear energy for constructive 
purposes but just as certainly we should realistically face the inevit- 
able problems that confront civilization in an expanding utilization 
of thermonuclear energy. 

At the present time no one has answers that solve the problem 
of how to dispose of hot atomic waste or weigh the hazards of nuclear 
accidents. Until answers are at hand, we should go slowly in ex- 
panding the industry and in creating such waste prior to having 
obtained knowledge of how to manage hazards that are of an entirely 
different order of magnitude than any society has faced heretofore. 

Thank you. 

Representative Hosmer. Dr. Butler, as I understand it, the Atomic 
Energy Commission has never been contacted relative to this site at 
Cape Cod. I am relatively certain that it would not be authorized 
if it were. The committee also has gone into this matter of waste 
disposal rather thoroughly. I assume you are familiar with the hear- 
ings held last year. 

Dr. Butter. I am familiar with some of the statements. I am 
also familiar with some of the statements of the international meetin 
held last fall. As far as I know, the problem of safe disposal of hig’ 
energy atomic waste is still unsolved. 

Representative Hosmer. Mr. Ramey? 
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Mr. Ramey. The committee held hearings on this subject last year 
and issued a summary-analysis report. Experts tried to make an esti- 
mate of what the problems will be in the next 40 years, looking into 
the future. 

The best estimate that the committee could make was that it was 
true that we did not have the problem of high level waste entirely 
solved now, but at the rate of research and development effort in this 
field by the time they built up to any great extent, we would have the 
questions answered, that it was not a problem that was a crucial one 
in the establishment of an atomic power industry. 

Dr. Butter. But I hope Congressman Hosmer’s information is 
correct, that there is no chance of a fuel reprocessing plant being built 
on Cape Cod because there they would have to dispose of huge volumes 
of high potency waste. 

Representative Hosmer. That may or may not be true, Doctor. I 
do not know whether to say this or not, but you pleaded that we treat 
this subject as factually and as adequately as possible. There are 
some portions of your statement that I would quarrel with from that 
standpoint. 

Dr. Butter. I wonder what portions? 

Representative Hosmer. You have done a good job of pointing out 
the necessity of dealing with this subject in an understandable way to 
the public and many of our fears are generated by the fact that the 
public is not aware, in some cases, of the dangers and in some cases 
= a absence of danger. Our purpose here is to try to bring that to 
the fore. 


Dr. Butter. What I have tried to do in mentioning this specific 
instance was to give a factual example of the ee that is being 


posed currently. At the hearings it was quite frightening to see the 
reaction of some of the representatives and the public who would not 
believe what such people as Dr. Shields Warren were saying regard- 
ing the hazards of such a plant. 

epresentative Hosmer. Mr. Ramey ? 

Mr. Ramey. Does the Committee for a Sane Nuclear Policy have 
any scientific subcommittees that deal with matters such as radiation 
standards? 

Dr. Butter. I do not think they have any scientific subcommittees 
dealing with radiation Salaitaell They have advisory scientific 
committees. 

Mr. Ramey. If they have any statements on this subject, I think it 
would be helpful for this hearing. We corresponded with them some 
on trying to make available our rather extensive hearings and reports 
on almost every aspect of hazards, including the two sets of hearings 
on fallout. I notice a few statements that the committee has made, 
one of which follows along the line of your ending statement there, 
that we ought to take it easy in going into an expanded atomic power 
program in the next generation or because of these unknown hazards. 

I just wonder, though, how much study has the Committee on & 
Sane Nuclear Policy done to put out such a statement. 

Dr. Butter. It, as a committee, has done no studies. It is using 
scientists as advisers to the committee.. I have a letter here which 
might be pertinent to your question. It is from Mr. J. F. Loutit, 
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Director, Radiobiological Research Unit, Medical Research Council, 
Atomic Energy Research Establishment, Harwell, England. It is in 


reply to a letter I had written him about what they knew in England 
of disposal of hot waste : 


The results of studies still leave much to be desired, but this is not confined 
to problems of waste disposal. There is no field in which active research is 
being conducted which is satisfactory.’ If there were there would be little need 
for research. My impression, therefore, is that although data are inadequate, it 
is not due to the withholding of results, but merely the difficulty of finding com- 
petent people to do all the work that would seem to be needed. 

Mr. Ramey. As you know, the Atomic Energy Commission has a 
rather extensive research and development program in this field of high 
level waste. 

Dr. Butuer. The last paragraph of my statement was merely plead- 
ing that we do not get ahead of the game and get a high energy 
waste that needs to be handled before we know how to handle it and 
a lot of reprocessing fuel plants, and so forth, before we know how to 
handle the inevitable accidents associated with their operation. 

Mr. Ramey. I think that is correct. But the Government has pretty 
well committed itself in going into atomic power. 

This committee and the AEC and others have made estimates the 
best they can and projected what these effects would be. It would seem 


desirable then to take a look at these estimates to see what is wrong 
with them. 


Dr. Butter. I agree. 
Mr. Ramey. And see whether or not the research and development 
work that is going on, which is all unclassified, is adequate. I would 


think, perhaps, your group might want to have a subcomittee look 
into this to see whether it is adequate. 


Representative Hosmer. Thank you, Dr. Butler. 
Our next witness is Dr. Malcolm Peterson, representing the Sci- 
entists’ Committee for Radiation Information, New York. 


STATEMENT OF DR. MALCOLM L. PETERSON, SCIENTISTS’ COM- 
MITTEE FOR RADIATION INFORMATION, NEW YORK 


Dr. Pererson. Mr. Chairman, I speak for the Scientists’ Committee 
for Radiation Information of New York City. I should like to ad- 
dress myself to the manner of determining the radiation dose allowed 
the general public. I would like to insert, parenthetically, that I 
apologize for revising the order of my prepared testimony because due 
to the pressure of time, we had to prepare this statement prior to 
obtaining the consensus of all the members of our committee. There- 
fore, some revisions have been made due to subsequent opinions. 







'The quotation as read at the hearing used the word “safe” in place of the word “satis- 


factory.’ The quotation was subsequently corrected after further correspondence between 
Dr. Butler and Mr. Loutit. 
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Institute, New York, N.Y., 1956— 


Military service: U.S. Army, 1946-48. 
Memberships: Alpha Omega Alpha, American Association for the Advancement of 
Science, American Federation for Clinical Research, Harvey Society, and Sigma Xi. 
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First, allow me to describe briefly the Scientists’ Committee for 
Radiation Information. It is a volunteer group of physicians and 
scientists in New York. The committee is engaged in education of the 
public on matters pertaining to radiation. Primarily the Scientists’ 
Committee for Radiation Information meets requests for speakers and 
written material from community organizations. It is principally an 
organization providing specialized knowledge to other organizations 
in the community. As such, the Scientists’ Committee for Radiation 
Information does not suggest nor endorse legislative or other political 
programs. 

We feel that one role that all scientists have is to make use of their 
specialized training to translate into nontechnical language the cur- 
rently accepted scientific information regarding radiation, to help ex- 
plain the areas in which there is controversy about matters dealing 
with radiation and to point out the many facts which still must be 
elucidated to settle doubts, controversies, and uncertainties presently 
existing. 

During the 3 years in which several hundred lectures have been 
given by our committee to audiences of parent-teacher associations, 
religious organizations, service clubs, trade union educational meet- 
ings, college and high school student meetings and neighborhood clubs, 
we have always met with an eager reception. Our talks are not 
couched in technical terms. We refrain from lengthy speeches, speak- 
ing no more than 30 minutes but we are usually engaged in prolonged 
question and answer periods, often lasting for 90 minutes or more. 
We have been asked to speak in classrooms, to television and radio 
audiences, and to write magazine and newspaper articles. We feel 
that our reception and the requests to return for further speeches is 
indicative of widespread public concern about this problem. 

The experience of our educational group in recent years has led us 
to certain conclusions which we would like to put before you today: 
the decision as to how much radiation the general public should be al- 
lowed is a decision which should be made by the public. As long as 
there is no clearly established biologic threshold for radiation effects 
every radiation exposure must, therefore, be balanced against possible 
harm. 

In virtually every instance except medical and dental uses of X-ray, 
the benefits to be derived from the use of nuclear energy and/or radia- 
tion are social, economic or political. They affect. the public. The 
undesirable consequences are also experienced by the public. There- 
fore, the public should be the body which ultimately decides the ex- 
posure it wishes to experience. Accepting an opinion from a public 
which could become aware of the current knowledge of the possible 
benefit and the possible harm, the governmental agencies would be in 
a position to establish the maximum accepted radiation exposure 
which, in view of the foregoing comments, might be a better designa- 
tion than maximum permissible dose or possibly even radiation pro- 
tection guide. 

To substantiate our suggestion of the need for an informed public, 
we would like to briefly describe some of our experiences in the 
course of our education work. In New Britain, Conn., a citizens’ 
committee was formed after they learned that plans were well under- 
way to establish a waste disposal plant. Only after understanding 
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the nature and effects of radiation could these citizens make an in- 
formed decision as to the desirability of having such waste disposal 
facilities in their community. We were asked to give lectures to 
this community. We would also mention briefly the controversy cur- 
rently underway in Massachusetts. Dr. Butler has referred. to this 
in his testimony when he quoted a letter from Dr. Shields Warren. 
Again, this emphasizes the need for an informed, alert citizenry. For 
ultimately, they are called on for decisions in these matters. 

Finally, the experience of our committee is mirrored by that of 
other groups of scientists across the Nation. This was shown in a 
meeting sponsored by the Scientists’ Committee for Radiation Infor- 
mation, the St. Louis Committee for Nuclear Information, and the 
American Association for the Advancement of Science, held in New 
York City on April 2 and 3 of this year. This was attended by 
scientists from 21 cities. The common experience in each education 
effort was that audiences of laymen were eager to understand the 
nature of radiation and how it affected them. 

In conclusion, we have spoken of our experience in public education 
in an attempt to underscore the need for citizens to know the basis 
upon which policy decisions in the field of radiation exposure are 
made and to participate in the making of these decisions. Thank you. 

Representative Hosmer. Doctor, I think we have a common prob- 
lem, keeping the public informed. 

Mr. Ramey, do you have any questions / 

Mr. Ramey. Have you utilized any of the Joint Committee’s sum- 
maries in your educational effort ? 

Dr. Pererson. Mr. Ramey, we rely heavily on them. As a matter 
of fact, we have a constant demand from new members who join our 
committee to use the reprints of the hearing as part of their own 
preparation prior to the time they speak to the lay audiences. 

Representative Hosmer. You do not feel that these things we put 
out are in a shape to be understood by the public? 

Dr. Pererson. Hardly. However, we feel that the material from 
these hearings can be distilled to a form that can be presented to the 
public. This presentation can be done in such a way that those 
points that are scientifically documented and are agreed upon by the 
governmental and private research scientists are boiled down to 
nontechnical terms and an objective evaluation of the problem can 
be presented to the laymen. 

Inevitably, we submit to you, the reaction of these people is (1) 
gratitude for the explanation and (2) a real concern over how these 
matters are going to be solved. 

Representative Hosmer. Let me ask you this, since you have ex- 
perience in going out. How do you get over to a lay audience the 
significance of a micromicrocurie or a megacurie or some of the other 
terms we use? 

Dr. Prrerson. I think that the majority of us refrain from using 
such technical terms as micromicrocurie. I think maybe we use the 
word “roentgen” once or twice in the course of an evening’s speech. 

Representative Hosmer. What happens then? 

Dr. Prrerson. People understand that there are yardsticks of 
measure for radiation. If these are made analogous to units of speed 
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or distance or anything else, they accept this as being a yardstick 
with which the problem can be discussed between scientists. 

Representative Hosmer. Do you feel that it is a proper thing to 
sacrifice accuracy and completeness in explaining to the layman in 
order to get over a general concept that has some significance within 
his own experience ¢ 

Dr. Pererson. I would first of all qualify my answer by sayin, 
that we do not take liberties with accuracy in putting over a genera 
concept, but merely attempt to redefine the concept in less technical 
language. If there is some controversy concerning detailed data in- 
volved in presenting the point, it is done so in such a way that the 
controversial data can be omitted and yet the point can be made. 

Take for example the “threshold” question, which is vital but 
really a very technical problem. Obviously, a person without spe- 
cialized training cannot understand the threshold concept in terms 
of the technical words and evaluate data which are often drawn from 
experience in mice and other experimental situations. But he can 
get the concept of the threshold without entering into these areas of 
controversy. 

Representative Hosmer. You speak to a PTA or Rotary group, an 
evening church group, a few more: Is there a sufficient retention from 
what you have said that night to do any real good or is there merely 
an awakening of an interest or do they come away with an attitude, 
sedi people at least who are doing this know what they are 

oing.’ 

Dr. Pererson. Let me say that in general we are, ourselves, very 
disappointed about the fact that we cannot qualify the retention 
time that the audience enjoys after our evening of speaking. This 
is, aS you can imagine, almost impossible to measure. We have one 
measure of response. 

If we speak to a PTA, they will go to a church group and ask that 
a speaker from our committee go to the church group to talk. And 
the church group will say to the Rotary Club, “I heard an interesting 
subject discussed; I wish we could have it discussed here.” We know 
there is an area of interest generated by this to the point that they 
will go out and seek further audiences. But in regard to the reaction 
of the person in the audience; that is, do people understand it? 
Can they control it? I would like to put before you that one of the 
commonest reactions we experience from these lay groups is that 
they hold the scientist culpable in this new age. The often couch 
the thing in this sense: “You scientists have released this thing and 
now it is up to you to control it.” What we try to do at this point 
is to reassure that this is not a thing which has been released, but 
this is a very significant contribution to mankind and that what we 
now have to do is to learn how to handle it as safely as we possibly 
can. This is true of any contribution to mankind. 

Representative Hosmer. I am glad to know of something that they 
do not hold Congress responsible for. 

There is one other question I want to ask you. I want to make 
sure of this. This group of yours does not have a political pitch or 
philosophy ¢ 

Dr. Pererson. No political pitch whatever. I think we have a 
philosophy in that our statement of purposes specifically affirms 
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that the increasing use of nuclear energy requires that sound in- 
formation on the nature of hazards of radiation be made available 
to the public. Only in this way can there be intelligent participa- 
tion of citizens in the formation of public policy. 

Representative Hosmer. It is merely trying to inform; is that 
right? 
Dr. Pererson. Absolutely correct. 
Representative Hosmer. Thank you very much. 
Dr. Peterson. We want to thank you. 


(The following statement was received from United States Radium 
Corp. :) 


UnITep States RaprumM Corp., 
Morristown, N.J., May 2, 1960. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States, Washington, D.C. 


DeEaR SENATOR ANDERSON : It has been brought to our attention that hearings, 
beginning on May 24 and extending through June 3, will be held in Washington 
and that a portion of these hearings will be devoted to the subject of “Radiation 
Protection Criteria and Standards.” We understand that comments from the 
public are invited and, as a concern which has been active in the field of radio- 
activity since 1914, we would like to submit some of the views which we have 
developed as a result of our long experience in this field. As a basis for our 
suggestions we wish, first of all, to submit a few comments on the current and 
proposed standards under which we have had an opportunity to conduct our 
activities for some time and which has thus enabled us to develop a few ideas 
regarding shortcomings of these regulations. 

We believe— 

(1) That the current standards and regulations are much too general. 

(a) They attempt to encompass a broad field with no recognition of 
the many variables introduced by different physical forms, chemical 
compositions, and end uses of the products or devices containing 
isotopes. 

(b) They show a lack of practical experience in the field and too 
much reliance on a limited acquaintance with certain small segments of 
this highly specialized field. 

(c) They are interpreted too literally by inspectors without giving 
proper consideration te applicable conditions or environment. 

(2) They are considered as laws rather than guides in a field where insuffi- 
cient experience exists to justify laws. 

(3) They attempt, by legislation, to eliminate all element of risk by 
imposing ultraconservative limits. 

(4) They assume that all knowledge of the subject is centered in the 
promulgators of the rules and make no allowance for the intelligence and 
commonsense and experience of the public. 

(5) They incite “scare” psychology. 

(6) They fail to recognize that protection of the employee and the public 
is more important, both financially and otherwise, to the processor or user 
of the product than to the enforcement agency. 

(7) They impose useless, meaningless, and, in many cases, impossible 
requirements for reporting and recordkeeping which not only discourage 
use, but also greatly increase the cost of the end product. 

(8) They fail to recognize hazards eliminated by the adaptation of iso- 
topes to many normally hazardous industrial processes. 

The above is not to be construed as an objection on our part to regulations. 
We are most anxious to see workable controls and regulations imposed and be- 
lieve that such regulations are extremely necessary and would do much to 
promote the atomic energy industry. We are also cognizant of the fact that 
there presently exists only limited data from human experience on which to base 
rules and that long-range effects of radiation are, at 'this time, uot predictable. 
With reference to the lack of data from human experience, we are aware of a 
number of so-called radiation exposure cases which resulted in a fatality, but 
honest evaluation of cases which can definitely be attributed to this effect 
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indicates that the exposure factor was greater, by a fantastic figure, than the 
radiation levels which are now in use or proposed. On the subject of long-range 
effects, it is quite true that this is an unpredictable area, but one must also 
consider that the long-range effects of antibiotics, drugs, alcohol, smog, and many 
other items are also unknown, but no attempt has been made to legislate these 
out of existence. The hazard has been weighed in terms of the good which can 
be accomplished and a more reasonable approach has been taken. One must 
also remember that if an attempt were made to legislate away all hazards there 
would now be in existence no matches, automobiles, elevators, cigarette lighters, 
ete. The point we would like to make is that the regulations must be considered 
from a practical standpoint if there is ever to be any hope for the future of the 
radioactive program. There is doubtless a happy medium which could recog- 
nize past experience in the field of natural isotopes and would not constitute too 
great a liberalization of the regulations. 

It is quite possible that more responsibility could be placed in the hands of the 
isotope user rather than having all the responsibility concentrated in a com- 
paratively small group which frequently lacks practical experience. 

In these considerations one must also look at the economic effect. Many 
regulations are prepared by groups whose experience has been limited to either 
research institutions utilizing infinitesimal quantities of radioactives or Gov- 
ernment laboratories which have unlimited access to funds necessary to provide 
elaborate protective features. Continued reduction in radiation levels permitted 
by the regulations does not seriously affect the operations of these groups, but 
the story is much different in the commercial field. As a typical example of 
the effect, we may pvint to our own experience in operating under the regulations 
permitting an exposure of 300 mr per week as contrasted with working at a 
level of 100 mr per week. At the level of 300 mr per week the operating efficiency 
of our laboratory was approximately 60 to 70 percent. Under the new levels of 
100 mr per week we find that the efficiency is approximately 30 percent and the 
rise in the overall cost of operation, exclusive of increased equipment costs and 
other incidentals, is slightly in excess of 100 percent. If the regulations were 
essential in order to definitely assure the safety of personnel, financial considera- 
tions would not enter in and one would simply have to face facts and make the 
best of the situation. We believe, however, that these levels are not realistic 
and, as a result, increased operating costs are gradually pricing these products 
out of the commercial field. 

Other examples could be cited and the entire subject could be expanded upon, 
however, we hope the above brief discussion will represent a few thoughts 
which are worthy of consideration and that some of the points raised can perhaps 
be expanded upon at the forthcoming hearings. 

Respectfully submitted. 

C. W. WALLHAUSEN, 
Vice President. 


Representative Hosmer. That concludes our list of scheduled wit- 
nesses. Is there anybody here who has a speech to make? 

In that event, this will conclude the Special Radiation Subcommit- 
tee hearings on the basis and use of radiation protection criteria and 
standards. On behalf of the subcommittee I wish to thank the many 
witnesses who have contributed to these hearings. I believe we have 
established a valuable public record which should go far to clarify 
— of the confusion and misunderstanding which has existed in this 

eld. 

The Special Radiation Subcommittee will continue its study in this 
field, as we have since 1957, when the initial fallout hearings were 
conducted. ' 

These hearings, as well as the 1959 hearings on fallout and on waste 
disposal, Federal-State relationships and workmen’s compensation, 
provided much of the background for the current hearings. 

A summary analysis of these hearings will be prepared by the com- 
mittee for issuance to the public, together with the printed verbatim 


record. This may or may not include recommendations as to the prob- 
lems considered. 
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It is possible that the Joint Committee will want to consider a fol- 
lowup Sonia next year on ways in which Federal organization 
inl be changed to permit a more effective process for the develop- 
ment and application of radiation protection standards for use by 
Federal agencies and agency contractors. 

For the record I want to note that before the hearings started the 
committee asked three highly respected persons in fields related to 
radiation protection to act as rapporteurs. This meant being present 
every day, taking notes, and spending their own time summarizing 
the high points of the hearings. 

The committee wishes to express its sincere thanks to— 

Dr. Charles Dunham, Director of AEC’s Division of Biology and 
Medicine; 

Dr. Francis Weber, Chief of the Division of Radiological Health 
of the Public Health Service ; 

Mr. H. M. Parker, manager of the Hanford Laboratories Opera- 
tions, General Electric Co. 

In addition, the committee wishes to thank the following persons, 
who were asked to be present throughout the hearings: 

Mr. Jack Healy, General Electric Co., Hanford ; 

Dr. Paul C. Tompkins,’ Naval Radiological Defense Laboratory ; 

Dr. K. Z. Morgan, Oak Ridge National Laboratory, and his as- 
sociate, Dr. W.S. Snyder; 

Dr. Charles Williams, Liberty Mutual Insurance Co. ; and 

Mr. Duncan A. Holaday, Bureau of State Service, U.S. Public 
Health Service. 

I want to express our thanks also for the valuable assistance ren- 
dered by Mr. Hal Hollister and Dr. James Turner, of the Atomic 
Energy Commission, who have served as technical consultants to the 
Joint Committee for these hearings. 

We appreciate very much their excellent contribution to these 
hearings. 

The record of the hearings will remain open for 10 days for the 
receipt of supplementary materials. 

This concludes the meeting. 


(Whereupon, at 3:50 p.m., the hearing was concluded, subject to 
the call of the Chair.) 


' * Now in the Division of Radiological Health, U.S. Public Health Service, Washington, 
.C, 
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APPENDIX 1 


EXECUTIVE ORDER AND PRESS RELEASES ON ESTABLISHMENT OF THE 
FEDERAL RADIATION COUNCIL 


EXECUTIV= ORDER 


LOE SL. 
ESTABLISHING THE FEDERAL RADIATION COUNCIL 


By virtue of the authority vested in me as President of the 
United States, it is hereby ordered as follows: 


Section 1, (a) There is hereby established the Federal 
Radiation Council (hereinafter referred to as the "Council'), 


(b) The Council shall be composed of the Secretary of 
Defense, the Secretary of Commerce, the Secretaryof Health, 
Education, and Welfare, and the Chairman of the Atomic Energy 
Commission, 


(c) The Chairman of the Council shall be designated by the 
President, from time to time, from among the members of the 
Council, 


Section 2, The Council shall advise the President with 
respect to radiation matters directly or indirectly affecting health, 
including matters pertinent to the general guidance of executive 
agencies by the President with respect to the development by such 
agencies of criteria for the protection of humans against ionizing 
radiation applicable to the affairs of the respective agencies, 

The Council shall take steps designed to further the interagency 
coordination of measures for protecting humans against ionizing 
radiation. 


Section 3, The Special Assistant to the President for Science 
and Technology, or his representative, is authorized to attend meetings 
of, to participate in the deliberations of, and to advise with, the Council, 


Section 4. For the purpose of effectuating this order, each 
executive agency represented on the Council shall furnish necessary 
assistance to the Council, in consonance with section 214 of the 
Act of May 3, 1945, 59 Stat, 134 (31 U.S,C. 691), Such assistance 

may include detailing employees to the Council to perform such 
duties consistent with the purposes of this order as the Chairman 
of the Council may assign tothem, Upon the request of the Chairman 
of the Council, the heads of executive agencies shall so far as 
practicable provide the Council information and reports relating 
to matters within the cognizance of the Council, 


Section 5, The Council may seek technical advice, in respect 
of ite functions, from any sourceit deems appropriate, 


DWIGHT D, EISENHOWE 
The White House - 


August 14, 1959 
591 
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IMMZDIé T= “LE. HF fugust i4, 1959 


Wayne Hawks, Acting Press Secretary to the President 


THE WHIT= HOUS— 
(Gettysburg, Pennsylvania) 


The President announced today organizational arrangements 
aimed at centralizing responsibility for providing general standards 
and guidance to executive agencies for their use in developing operating 
rules and regulations for radiological health protection, 


In order to obtain assistance in the discharge of this function 
the President has issued an Executive Order establishing a Federal 
Radiation Council, Members of the Council are the heads of;the 
agencies most significantly involved with radiation -- the Secretary 
of Health, Education, and Welfare; the Chairman of the Atomic 
Energy Commission, the Secretary of Defense, ‘and the Secretary 
of Commerce, The President's Special Assistant for Science and 


Technology will participate as an adviser in the discussions of the 
Council, 


In developing its advice to the President the Council will 
consult with appropriate agencies such as the Departments of 
Labor and Agriculture, and will solicit the views of competent 
scientific bodies -- such as the National Committee on Radiation 
Protection and Measurement and the committees of the National 
Academy of Sciences which devote so much attention to these problems, 


The Federal Radiation Council will also take steps designed 
to further the interagency coordination of measures for protection 
against radiation, and to that end will consult with all Federal agencies 
which have radiological health responsibilities. 


Establishment of the Council follows recommendations made 
to the President by the Secretary of Health, Education, and Welfare, 
the Chairman of the Atomic Energy Commission, the Special 
Assistant to the President for Science and Technology, and the 
Director of the Bureau of the Budget. 


In addition, the President approved a series of recommenda- 
tions to be carried out upon enactment of proposed legislation 
endorsed by the Administration (S, 1987 and H.R. 7214) under which 
certain regulatoryresponsibilities of the Atomic Energy Commission 
will be transferred to the States by agreement with the Commission 


as the States equip themselves to assume them, The recommenda- 
tions were that: 


(a) The Atomic Energy Commission have the 

- - principal Federal responsibility for pre- 
paring the States for the proposed transfer 
of certain of its regulatory responsibilities, 





(b) 


(c) 


(d) 
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The training programs necessary for such transfer 
be financed and planned by the Commission, and 

in order to make maximum use of existing facilities 
and competence, such programs be conducted under 
cooperative arrangements between the Atomic 
Energy Commission and the Department of Health, 
Education and Welfare, 


At the termination of this special training program 
any training of State personnel be conducted within 
the continuing programs of the Department of 
Health, Education, and Welfare and other Federal 
agencies, 


The Department of Health, Education, and Welfare 
continue as the Federal focal point for guidance 
and assistance to the States with respect to con- 
tamination by and biological effects from radiation 
sources not now under control of the Commission, 
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IMMEDIATE RELEASE August 22, 1959 
James C. Hagerty, Press Secretary to the President 


THE WHITE HOUSE 
Gettysburg, Pennsylvania 

The President today designated the Secretary of Health, Education 
and Welfare as Chairman of the Federal Radiation Council. 

Executive Order No. 10831 establishing the Federal Radiation Council 
provides that the Chairman of the Council shall be designated by the 
President, from time to time, from among the members of the Council. 
Members of the Council are the Secretary of Health, Education, and 
Welfare, the Chairman of the Atomic Energy Commission, the Secretary 
of Defense, and the Secretary of Commerce. 


The President also directed that the Department of Health, Education 


and Welfare intensify its radiological health efforts and have primary 


responsibility within the executive branch for the collation, analysis, 
and interpretation of data on environmental radiation levels such as 
natural background, radiography, medical and industrial use of isotopes 
and X-rays, and fall-out, so that the Secretary of Health, Education 


and Welfare may advise the President and the general public. 
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APPENDIX 2 


LETTER OF AUGUST 21, 1959 FROM MAuRICE H. STANS, DiRECTOR, BUREAU 
OF THE BUDGET TO HONORABLE CLINTON P. ANDERSON, CHAIRMAN, JOINT 
COMMITTEE ON ATOMIC ENERGY. 


EXECUTIVE OFFICE OF THE PRESIDENT 
BUREAU OF THE BUDGET 
Washington 25, D. C. 


August 21, 1959 


My dear Mr. Chairman: 


In my letter to you of May 6, 1959, I stated that you would be 
informed when the joint review of Federal organization of radiological 
health activities oonducted by the Secretary of Health, Education and 
Welfare, the chairman of the Atomic Energy Commission and the 
Director of the Bureau of the Budget had been completed. 


I would like to now advise you that the President has approved 
the following recommendations: 


(1) The President provide general standards and guidance to 
executive agencies for their use in developing operating rules 
and regulations for radiological health protection. 


(2) The President be advised by a Federal Radiation Council, 
established by the President to advise him regarding the general 
standards and guidance to be issued by the President, as well as 
other matters pertinent to radiological health, the Council to be 
composed of the heads of the agencies principally affected--AEC, 
HEW, Defense, and Commerce; and that the President's Special 
Assistant for Science and Technology serve as an advisor to the 
Council. 


(3) The Department of Health, Education, and Welfare 

intensify its radiological health efforts and have primary responsi- 
bility within the executive branch for the collation, analysis, and 
interpretation of data on environmental radiation levels such as 
natural background, radiography, medical and industrial use of 
isotopes and X-rays, and fall-out, so that the Secretary of Health, 


Education, and Welfare may advise the President and the general' 
public. 
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(4) The Atomic Energy Commission have the principal Federal 
responsibility for preparing the States for the p roposed transfer 
of certain of its regulatory responsibilities. 


(5) The training programs necessary for such transfer be 

financed and planned by the Commission, and, in order to make 
maximum use of existing facilities and competence, such programs 
be conducted under cooperative arrangements between the Atomic 


Energy Commission and the Department of Health, Education, and 
Welfare. 


(6) At the termination of this special training program, any 
training of State personnel be conducted within the continuing 


programs of the Department of Health, Education, and Welfare and 
other Federal agencies. 


(7) The Department of Health, Education, and Welfare continue 
as the Federal focal point for guidance and assistance to the States 


with respect to radiation sources not now under control of the 
Commission, 


Recommendations (4) through (7) are to be carried out upon enactment 
of proposed legislation along the lines of S. 1987 and H.R. 7214, 


Sincerely yours, 


/s/ Maurice H. Stans 
Director 


Honorable Clinton P, Anderson 

Chairman, Joint Committee on 
Atomic Energy 

United States Senate 

Washington 25, D. C. 
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APPENDIX 3 


PRESS STATEMENT OF HON. ARTHUR S. FLEMMING, AUGUST 26, 1959 


FOR RELEASE AT CONCLUSION 
OF NEWS CONFERENCE 



























ms Statement* 
: by 
id Arthur S. Flemming 
Secretary of Health, Education, and Welfare 
As most of you are probably aware, the President on August 14 issued 
an executive order establishing the Federal Radiation Council, and along wita 
ind 
the order the White House issued a press release which elaborated upon the 
order. 
es On August 22 the White House issued a second press release in which 
I had the honor of being designated by the President as the current chair- 
tment) ™ of the Federal Radiation Council. That press release also stated: 


“The President also directed that the Department of Health, 
Education, and Welfare intensify its radiological health 
efforts and have primary responsibility within the execu- 
tive branch for the collation, analysis, and interpreta- 
tion of data on environmental radiation levels such as 
natural background, radiography, medical and industrial 
use of isotopes and X-rays, and fall-out, so that the 
Secretary of Health, Education, and Welfare may advise the 
President and the general public." 


The action of the President, as reflected in the three documents 
referred to above, constitutes, in my opinion, a constructive and effect- 
ive method for dealing with the growing problems of radiological health 
protection. 
Under the President's directive, the existing work of this 


Department in the radiological health field will be intensified, and the 







Department will undertake the additional "primary responsibility within 


the executive branch for the collation, analysis, and interpretation of 






data on environmental radiation levels .. ." 






As a first step in organizing the Department for our expanding 


work, I have made specific delegations .of responsibilities for radiological 
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health activities. These responsibilities, which primarily concern the 
Public Health Service and the Food and Drug Administration, are spelled out 
in the attachment. The ettachment is being made a part of the Departments 
internal manual in which general program policy is set forth. 

It should be noted that I have assigned to the Public Health Service 
the responsibility for “collation, analysis and interpretation of data on 
environmental radiation levels as a basis for the Secretary's advice to the 
President and the general public.” 

Financial ability, of course, is always an important factor in 
undertaking new work. For the current fiscal year we have funds available 
es shown below. For comparison I heave also listed the funds that were 
available in the preceding fiscal year. 

Fiscal Year Fiscal Year 
seta 

Food and Drug Administration....ssescssssese $ 78,500 

Public Health Service 

Division of Radiological 
WeeRhe. ccacccaseosegeeeeetescuscauaccea, “QS 
General Research and Services......sseces 289 000 
Cancer Research®... ..ceccsccccccseveccece 15,000 
DUGG s ica kwdocspe codes ccececcssecse GRO $3,204, 100 

It will be noted that the 1960 funds are a substantial increase over 
the funds for 1959. 

In addition to the funds identified in the above table, the National 
Institutes of Health also expend funds for therapeutic and diagnostic services 
in the radiological field. For 1960 the funds availseble for this purpose total 


$3,000,000. 


*Represents costs of a special Study of the effects of uranium radiation on 


uranium miners. 
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In allocating the funds for 1960, careful consideration will be given 
to the new assignments given to the Department by the President. As soon as I 
know how far we can go in carrying out the President's assignments with avail- 
able funds, I will give consideration to the question of requesting additional 
funds. It is not necessary for me to cross this bridge at the present time, 
because such a request cannot be adequately developed and considered until the 
Congress reconvenes in January. 

The Department approaches its expanding role in the radiological health 
field with the most serious determination to carry out the President's assign- 
ment. At the same time, we are sensitive to the complexities involved in the 
subject, and we have the utmost respect for the labors of the pioneers, both 


in and out of government, who have preceded us. 
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MANUAL. ...GENERAL PROGRAM POLICY 
Part 10...Radiation Health August 1959 


CHAPTER 10-00 
RADIATION HEALTH -- GENERAL 
10-00 Purpose 

10 Basic Department Responsibilities 

20 Responsibilities Within The Department 
PURPOSE 
Part 10 sets forth the basic functions of the Department and the 
assignment of the responsibilities within the Department for 
activities related to radiation health, 
BASIC DEPARTMENT RESPONSIBILITIES 
Executive Order 10831 dated August 14, 1959, provides for membership 
of the Secretary of Health, Education, and Welfare on the Federal 
Radiation Council, and requires the Department to furnish the 
Council necessary assistance, information, and reports. 
The President has approved a recommendation of the Bureau of the 
Budget that the Department of Health, Education, and Welfare intensify 


its radiological health efforts and have primary responsibility withi 


the executive branch for the collation, analysis, and interpretation 


of data on environmental radiation levels such as natural background, 
radiography, medical and industrial use of isotopes and X-rays, and 
fall-out, so that the Secretary of Health, Education, and Welfare my 
advise the President and the general public. The Department's existi 
“radiological health efforts," which are being intensified in order 
help fulfill this responsibility, include research, development, 
technical assistance, training, enforcement, and informational func- 
tions required for protection of the public health from damage by 


ionizing radiation. 
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RESPONSIBILITIES WITHIN THE DEPARTMENT 

The following paragraphs state the assignment of responsibilities within 

the Department related to radiation health. These responsibilities, 

with the exception of B. 6 and 7 below, were already being carried on 

prior to the issuance of Executive Order 10831. 

Office of the Secretary. 

The Office of the Secretary is responsible for general policy leadership; 

for final decision on the Department's legislative and budget position; 

for coordination of radiation health matters affecting more than one 
operating agency; and for public information matters related to the 
responsibiiities of the Office of tke Secretary. 

Public Health Service. The Public Health Service is responsible for: 
1. Research and epidemiology on radiation exposure and its effects on 
man, including prevention, treatment, and control of excessive 

exposure; 

2. Research related to the establishment of biological and physical 
standards, and instrumentation, and methodology related to human 
exposure ; 

3. Technical assistance to States in the development and conduct of 
their radiation health programs; 

4. Development of methodology of detection and measurement of radio- 
activity levels for use by State and local agencies in their pro- 
grams for control of environmental health hazards; 

5. Operation of monitoring and sampling networks to determine the 
degree of radioactivity present in air, water, and milk; 

6. Arranging for receipt on a regular basie of date on enrircanental 


radiation levels gathered by other departments and agencies; 
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Collation, analysis and interpretation of data on environ- 
mental radiation levels as a basis for the Secretary's advice 

to the Presiden: and the general public; 

Assigament of personnel and other resources upon request to 
cooperative radiation health projects with other Federal, State, 
and locel agenci+s and appropriate non-governmental institutions; 
Training of empl yees of Federal, State and local governments 
and of industry .n general radiological health, which would 

also include dem onstrations of radiological health and radia- 
tion protection programs, and appropriate laboratory and 


technical servi :es; 


The development of operating standards or recommendations to 
achieve accepts bie levels of exposure from air, water and 
milk, medical procedures, and the general environment; 

The developmer t of appropriate decontamination and radiation 
protection te :hniques, related to exposure from the above 
sources; 

The develop ent of radiation protection guidance for the use 
of Xerays i: diagnosis and treatment; 

Inspection and enforcement activities required of the Public 


Health Ser "ice under such specific laws as those related to 


biologics, interstate carrier sanitation, water pollution 


control, end air pollution control; and 
Public information and health education activities related to 


the-above responsibilities, 
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C. Food and Drug Administration. The Food and Drug Administration, 
under the Federal Food, Drug, and Cosmetic Act, as amended (the 
Food Additives Amendment specifically mentions radiation), is 
responsible for: 

1. Determining permissible levels of radioactivity in foods and 
drugs ; 

Establishing and promulgating such permissible levels; 

Maintaining a program of monitoring foods, drugs, and cos- 

metics to determine levels of radioactivity: 

a. Initiating and assuring appropriate regulatory action where 
necessary because of radioactivity in foods, drugs, or 
cosmetics in excess of permissible levels; 

Conducting research to: 

&. Develop methodology for identification end evaluation of 
radioactivity in foods, drugs, and cosmetics; and 
Develop techniques for decontamination for affected foods, 
drugs, and cosmetics; 

Conducting treining programs in methodology and techniques 

related to the above responsibilities for: 

@. Appropriate Federal, State, and local employees, such as 
food and drug inspectors; 

Appropriate professional and technical employees of 


establishments subject to inspection under the Act; 


6. Approval of radioactive drugs used in diagnosis and treatment; 


. 
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7. Inspection and enforcement activities related to instances of 
quackery and fraud in the use of foods and drugs alleged to 
be beneficial because of their "radioactive" properties; and 

8. Public information and educational activities related to the 
above responsibilities. 

Social Security Administration, Children's Bureau. 

The Children's Bureau, as part of its consultation and guidance 

responsibility, is responsible for: 

1. Interpretation to parents of information about the benefits 
and hazards of Xrray and fluoroscopy as related to the fetus, 
infant, or child; and 

2. Advice and education on good practice in the use of X-ray and 
fluoroscopy in connection with maternal and child health and 
crippled children's services. 

In carrying out these responsibilities the Children's Bureau 

looks to the Public Health Service for technical information and 

advice. 

Office of Education. 

Radiation health principles end techniques ere included, as appro- 

priate, in the guidance provided by the Office of Education, in its 

edministration of grant funds for vocational training in such 
areas as industrial safety, distribution of strategic materials, 
instrumentation end electronics, practical nursing, family care, 


and nutrition. 


or 
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APPENDIX 4 


Press STATEMENT OF HON. ARTHUR S. FLEMMING, APRIL 27, 1960 


FOR RELEASE TO MORNING PAPERS 
Thursday, April 28, 1960 


Statement+ 
by 
Arthur S, Flemming 
Secretary of Health, Education, and Welfare 

I have been provided with a copy of the regular quarterly statement 
of the Atomic Energy Commission on fallout, which is being released today. 
This statement contains information relating to the strontium 90 content 
of wheat and wheat products from the 1958 crop in 9 States, 

At my request, the Public Health Service, the Food and Drug Admin- 
istration, and the Federal Radiation Council have reviewed these data, 

The advice given ma by the Public Health Service and the Food and 
Drug Administration, which has been concurred in by the Federal Radiation 
Council and which I have accepted, is that the strontium 90 intake of the 
U.. Se population from all dietary sources at the present time does not 
constitute a voublic health hazard warranting any regulatory action. 

The data contained in the Atomic Energy Commission statement are 


summarized in the table below: 


Wheat Milling Products—1958 Crop from 9 States (Strontium 90 in micremicro- 


curies#* per kilogram ) Reported by the Atomic Energy Commission, April 1960 
Stron 1 


tium 90 micromicrocuries per kilogram 


Material Lw High Average 
Wheat 21 133 62 
Patent Flour 3 42 12 

l and 2 Clear Flour 6 86 28 
Germ So 191) 

Shorts 28 665 ) 

Bran 52 675 231 


¥*A curie is a measure of radioactivity equivalent to that preduced by 1 gram 
of radium, A micromicrocurie is one millionth of a millionth of a curie, 


The Statement of the Atomic Energy Commission also shows that up to 
the present time analyses on the 1959 crop have been completed for whole wheat 
only. These analyses show results similar to those for the 1958 crop. 
*Issued at Briefing Confe.ence, Washington, D. C., Wednesday, April 27, 1900 
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The conclusion that the present situation does not call for any 

regulatory action was based on the following considerations: 
A. The guideline for average daily intake of strontium 

90 used by this Department at present is 33 micromicrocuries 

per liter or kilogram of total dietary intake averaged over a 

period of one year, This value is derived from the recent 

interim recommendation of the National Committee on Radiation 

Protection and Measurements that the values suggested by the 

International Commission on Radiation Protection for planning 

purposes be accepted. Although this guideline was not developed 

to serve as a limit for regulatory purposes, it is a conservative 

basis for evaluating the significance of these data, For general 

populations the International Commission on Radiation Protection 


suggested 33 micromicrocuries per liter or kilogram based upon a 


5O-year exposure, but for operating purposes averaged over periods 


not to exceed one year, This value applies to all groups within 
the population, In considering the health effects of strontium 90 
it is necessary to take into account the amounts ingested from all 
sources, The average weight of food and water ingested per day 
per individual in the U. S. is 2.2 kilograms, If all the food 
and water contained this concentration of 33 micromicrocuries 

per kilogram, then the daily intake of strontium 90 would be 


73 micromicrocuries (2.2x33). 





RADIATION PROTECTION 


Be The following diet shows how the wheat data reported 


by the Atomic Energy Commission would be reflected in a typical 


adult diet, This diet is adapted from one that was presented 

by the Public Health Service at hearings of the Joint Committee 

on Atomic Energy last year. An estimated average daily con- 
sumption of 1.8 grams of bran, as estimated by the U. S. 
Department of Agriculture, was added to this diet (rounded in 

the table to 2.0 grams). The strmtium 90 values for bran and 
flour products in this diet are the average values of the Atomic 
Energy Commission report. The strontium 90 values for other items 
of this diet are considered typical for a large metropolitan 


area, 


Comparative Consumption of Strontium 90 in an Average Diet of 2200 Grams 
Per Day 


(A gram is ‘1 of a kilogramor 1 of an ounce.) 
To 


Strontium 90 Content Food Consumption Strontium 90 
micromicrocuries in grams micromicrocuries 
per gram per day per day 


Bran e231 2,0 0.4 
Flour Products O12 227 2e7 


Foods Other than Milk, 

Water, and Wheat 

Products 200k 971 3.9 
Milk and Milk Praducts 2010 410 
Water and Other 

Non-Milk Fluids - O01 590 


Total 
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C. The averages were used in the above table because the 
National Committee on Radiation Protection and the International 
Commission on Radiation Protection recommendations are for 
general population averages. It is, however, necessary to 
consider individual variations from the average involving 
the known deviations in concentrations of strontium 90 from 
the average and individual variations in dietary habits. 

In calculating the guidelines for specific averages the 

National Committee on Radiation Protection and the International 
Commission on Radiation Protection recommendatims allow 
departures as much as 3 times such averages. In a given case 
this could be equivalent to an individual lifetime average of 
220 micromicrocuries of strontium 90 per day, 

I have had my staff calculate the strontium 90 content of various 


probable diets under the varying concentrations of strontium 90 reported 


by the Atomic Energy Commission, The conclusion was it would be highly 


improbable that any individual could attain an average of 73 micro- 
microcuries of strontium 90 per day for life, let alone the higher 


figure of 220 micromicrocuries, 


# # # 


Note; The 9 States referred to in the opening paragraph 
of this statement are: Minnesota, North Dakota, 
Montana, Illinois, Kansas, Oklahoma, Texas, Michigan, 
and New York 
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EXCERPT (PAGES 15-17) FROM FOURTH QUARTERLY STATEMENT ON FALLOUT, ATOMIC ENERGY COMMISSION 


Wheat and Flour (Analyzed by the Health and Safety Laboratory) 


Strontium-90 levels in samples of 1958 wheat from the 
major wheat producing states have been reported previously in the 
Commission's second "Quarterly Statement on Fallout", October 9, 
1959, in HASL-65 and HASL 69. Levels from nine states ranged 
from 21 to 133 micromicrocuries of strontium-90 per kilogram. The 
average, weighted according to 1958 production, was found to be 62. 
Subsequent to these analyses, a study of strontium-90 in milling 
products associated with these samples have been made.4 The re- 
sults of this study are summarized in the table below. The corre- 
sponding levels in patent flour as estimated from this study was 
9.5 micromicrocuries per kilogram. Less refined flours have 
greater strontium-90 content. The highest strontium-90 levels are 
found in the bran and the lowest in the patent flour. This re- 
lationship holds for calcium content also. Similar results have 
been reported by British investigators. 





lsimilar studies of wheat and milling products from Mandan, North 
Dakota were reported in HASL-69, October 1, 1959. 
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Wheat Milliny Products - 1958 Crop from Nine States 
(Strontium-90 in micromicrocuries per kilogram) 


Material grams Calcium per kilogram Strontiym-90 
Runees Averages Ranges Avcrages 


Wheat . to 0.47 0.36 2k t@ .135 62 
Patent Flour .08 to 0.23 0.14 3 tc 42 12 
lst and 2nd clear 

flour* ‘ to 0.38 0.24 6 to .86 28 
Germ and Shorts 

Germ 0.52 to 1.66 50 to 

Shorts 0.42 to 1.67 28 to 
Bran 0.36 to 1.66 0.99 52 to 


*less refined than patent (high grade) flour 


Samples of Spring and Winter 1958 wheat furnished by the 
South Dakota Agricultural Experiment Station from 15 locations in 
South Dakota have been analyzed (see HASL-84) during the past 
quarter. Winter wheat levels ranged from 44 to 130 micromicrocuries 
of strontium-90 per kilogram and 0.31 to 0.40 grams of calcium per 
kilogram. Spring wheat values ranged from 46 to 60 for strontium- 
90 and 0.33 to 0.40 for calcium. 


Some samples of 1959 wheat from six states have also been 
analyzed for strontium-90. Results of these analyses are summarized 
below (see HASL-84). Since these samples are from different states 
than those from which 1958 samples were reported above, no specific 
comparison of 1958 and 1959 levels can be made at this time. 

Samples for 1959 and 1960 crops from the same locations as the 1958 
samples will be received and analyzed at a later date. 
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1959 Winter Wheat Samples 


Strontium-90 
State Number of Sections Sampled grams calcium micromicrocuries 
Missouri 4 to 0. 198 
Colorado 9 to 0. 110 
Nebraska 5 to E 73 
Ohio 11 to 0. ; 94 
Lowa 2 to 0. co 102 
California 4 (Spring Wheat) to 0.: 20 


The States referred to in the first two sentences of 
this statement are: Minnesota, North Dakota, Montana, 
Tlinois, Kansas, Oklahoma, Texas, Michigan, and 

New York. 


The report cited in this excerpt as "HASL-8)," refers 
to the Health and Safety Laboratory Fallout Program 
Quarterly Summary Report, dated April 1, 1960, 
released this week. 
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Ue Se DEPARTMENT OF 
HEALTH, EDUCATION, AND WELFARE 


BACKGROUND STATEMENT ON WHEAT 


The 1958 and 1959 wheat production was 1,461,714,000 and 1,128,151,000 
bushels, respectively. As of December 31, 1959, the total stccks of wheat 
were 1,820,500,000 bushels. Of this amount 1,109,200,000 bushels were in 
CCC stocks; 305,300,000 bushels were pledged for loans; and 06,000,000 
bushels were in commercial channels. 


Principal Uses of Wheat 


Patent flour is made by combining the more refined flour streams. 


It represents from 40 to 95 percent of the total flour yield and consists 
of about 48 to 50 percent of the wheat berry. It contains the least 
amount of bran and germ. It is high in protein and preferred in the 
baking industry. 

Clear flour is the balance of the flour streams following the cutting 
off of the patents. The first clear flour represents about 7 percent of 
the wheat berry. It is used in the baking industry for rye and whole 
wheat breads. The second clear flour represents about 44 percent of the 
wheat berry and is used for industrial purposes. 

The germ represents about 2 percent of the wheat kernel. It is 
high in germ oil and the best carrier of Vitamin E. It is used by some 
processors for making certain types of breads to increase nutritional 
value; however, most of the germ goes into livestock feed. 

Shorts consist mostly of the fine particles of wheat bran and wheat 
germ. Shorts are finer than bran and used for livestock feed. 

Bren is the outer covering or shell of the kernel of wheat and is 


the largest in particle size. It is not used very much in human food, 





ts 
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except for breakfast cereals. It is aleo used in whole wheat bread. The 
amount of bran consumed as whole wheat flour products and as breakfast 
cereals is cstimated to be about 1.8 grams per person per day. A one- 
serving package of 40% bran breakfast fcod would furnish less than 12 
grams of bran. 
Strontium 90 in Wheat 

Available evidence indicates that in 1958 the major fraction of 
strontium 90 found in wheat was directly absorbed through the outer layer 
of the kernel, this coming from atmospheric deposition. Some is absorbed 
through other parts of the plant. The relative contribution of strontium 
from various parts of the plant is Gcpendent upon the existing conditions, 
such as atmospheric deposition, accumulation in the soil, and the weather. 
Studies reveal, however, that of the amount of strontium absorbed by the 


leaves of the plant only very little is transported to other parts of the 


plant. 


The strontium in bran used for livestock feed is not posing a problem 
at this time. The total diet of livestcck includes bonemeal end inorganic 
minerals as the principal sources of calcium. Research with the dairy 
animal has established the fact that milk contains about one-tenth of the 
amount of strontium that is consumed in the feed. Since strontium is 
depositeaé in the bones, it does not provide a problem in the meat of the 


beef animal. 


April 1960 
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APPENDIX 5 


FRC MEMORANDUM OF May 13, 1960 


MEMORANDUM FOR THE PRESIDENT 
SUBJECT: Radiation Protection Guidance for Federal Agencies 


Pursuant to Executive Order 10831 and P,L, 86-373 the Federal 
Radiation Council has made a study of the hazards and use of radiation. We 
herewith transmit our first report to you concerning our findings and our 
recommendations for the guidance of Federal agencies in the conduct of their 
radiation protection activities, 


It is the statutory responsibility of the Council to "'... advise the 
President with respect to radiation matters, directly or indirectly affecting 
health, including guidance for all Federal agencies in the formulation of 
radiation standards and in the establishment and execution of programs of 
cooperation with States ..."' 


Fundamentally, setting basic radiation protection standards involves 
passing judgment on the extent of the possible health hazard society is willing 
to accept in order to realize the known benefits of radiation. It involves in- 
evitably a balancing between total health protection, which might require 
foregoing any activities increasing exposure to radiation, and the vigorous 
promotion of the use of radiation and atomic energy in order to achieve 
optimum benefits. 


The Federal Radiation Council has reviewed available knowledge on 
radiation effects and consulted with scientists within and outside the Govern- 
ment, Each member has also examined the guidance recommended in this 
memorandum in light of his statutory responsibilities, Although the guidance 
does not cover all phases of radiation protection, such as internal emitters, 
we find that the guidance which we recommend that you provide for the use of 
Federal agencies gives appropriate consideration to the requirements of 
health protection and the beneficial uses of radiation and atomic energy, 

Our further findings and recommendations follow, 
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Discussion 


The fundamental problem in establishing radiation protection 
guides is to allow as much of the beneficial uses of ionizing radiation 
as possible while assuring that man is not exposed to undue hazard, 
To get a true insight into the scope of the problem and the impact 
of the decisions involved, a review of the benefits and the hazards 
is necessary. 


It is important in considering both the benefits and hazards of 
radiation to appreciate that man has existed throughout his history 
in a bath of natural radiation. This background radiation, which 
varies over the earth, provides a partial basis for understanding 
the effects of radiation on man and serves as an indicator of the 
ranges of radiation exposures withi: which the human population 
has developed and increased, 


The Benefits of Ionizing Radiation 


Radiation properly controlled is a boon to mankind. It has 
been of inestimable value in the diagnosis and treatment of diseases, 
It can provide sources of energy greater than any the world has yet 
had available. In industry, it is used as a tool to measure thickness, 
quantity or quality, to discover hidden flaws, to trace liquid flow, 
and for other purposes, So many research uses for ionizing radiation 


have been found that scientists in many diverse fields now rank radiation 
with the microscope in value as a working tool. 


The Hazards of Ionizing Radiation 


Ionizing radiation involves health hazards just as do many other 
useful tools, Scientific findings concerning the biological effects of 
radiation of most immediate interest to the establishment of radiation 
protection standards are the following: 
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Acute doses of radiation may produce immediate or de- 
layed effects, or both. 


As acute whole body doses increase above approximately 
25 rems (units of radiation dose), immediately observable 
effects increase in severity with dose, beginning from 
barely detectable changes, to biological signs clearly in- 
dicating damage, to death at levels of a few hundred rems. 


Delayed effects produced either by acute irradiation or by 
chronic irradiation are similar in kind, but the ability of 

the body to repair radiation damage is usually more effective 
in the case of chronic than acute irradiation, 


The delayed effects from radiation are in general in- 
distinguishable from familiar pathological conditions 
usually present in the population, 


Delayed effects include genetic effects (effects tranemitted 
to succeeding generations), increased incidence of tumors, 
lifespan shortening, and growth and development changes. 


The child, the infant, and the unborn infant appear to be 
more sensitive to radiation than the adult, 


The various organs of the body differ in their sensitivity 
to radiation, 


Although ionizing radiation can induce genetic and somatic 
effects (effects on the individual during his lifetime other 
than genetic effects), the evidence at the present time is 
insufficient to justify precise conclusions on the nature of 
the dose-effect relationship at low doses and dose rates. 
Moreover, the evidence is insufficient to prove either the 
hypothesis of a damage threshold" (a point below which no 
damage occurs) or the hypothesis of "no threshold" in man 
at low doses, 
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If one assumes a direct linear relation between biological 
effect and the amount of dose, it then becomes possibie to 
relate very low dose to an assumed biological effect even 
though it is not detectable. It is generally agreed that the 
effect that may actually occur wiil not exceed the amount 

predicted by this assumption. 


Basic Biological Assumptions 


There are insufficient data to provide a firm basis for evalu- 
ating radiation effects for all types and levels of irradiation. There 
is particular uncertainty with respect to the biological effects at 
very low doses and low-dose rates, It is not prudent therefore to 
assume that there is a level of radiation exposure below which there 
is absolute certainty that no effect may occur. This consideration, 
in addition to the adoption of the conservative hypothesis of a linear 
relation between biological effect and the amount of dose, determines 
our basic approach to the formulation of radiation protection guides, 


The lack of adequate scientific information makes it urgent that 
additional research be undertaken and new data developed to provide 
a firmer basis for evaluating biological risk. Appropriate member 
agencies of the Federal Radiation Council are sponsoring and en- 
couraging research in these areas, 


Recommendations 


In view of the findings surnamarized above the following recom- 
mendations are made: 


It is recommended that: 


1, There should not be any man-made radiation exposure without 
the expectation of benefit resulting from such exposure, Activities 
resulting in man-made radiation exposure should be authorized for 
useful applications provided the recommendations set forth herein 
are followed. 

It is recommended that: 

2. The term "Radiation Protection Guide" be adopted for Federal 
use, This term is defined as the radiation dose which should not 
be exceeded without careful consideration of the reasons for 
doing so; every effort should be made to encourage the main- 
tenance of radiation doses as far below this guide as practicable 
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It is recommended that: 


3. The following Radiation Protection Guides be adopted for normal 


peacetime operations: 


Type of Exposure Condition Dose (rem) 


Radiation Worker 


a) Whole body, head and trunk, Accumulated dose 5 times the number 
active blood forming organs, of years beyond age 18 
gonads, or lens of eye 13 weeks 


Skin of whole body and thyroid year 30 
13 weeks 10 


Hands and forearms, feet year 75 
and ankles 13 weeks — 25 


Bone body burden 0.1 microgram 
of radium-226 or its 
biological equivalent 


Other organs 15 
5 


Population 


a) Individual 0.5 
(whole body) 


b) Average 5 
(gonads) 
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The following points are made in relation to the Radiation Protection 
Guides herein provided: 


(1) For the individual in the population, the basic Guide for annual 
whole body dose is 0.5 rem. This Guide applies when the 
individual whole body doses are known. As an operational 
technique, where the individual whole body doses are not known, 
a suitable sample of the exposed population should be developed 
whose protection guide for annual whole body dose will be 
0.17 rem per capita per year. It is emphasized that this is 
an operational technique which should be modified to meet 

special situations. 





















Considerations of population genetics impose a per capita 
dose limitation for the gonads of 5 rems in 30 years. The 
operational mechanism described above for the annual individual 
whole body dose of 0.5 rem is likely in the immediate future 

to assure that the gonadal exposure Guide (5 rem in 30 years) 

is not exceeded. 






These Guides do not differ substantially from certain other 
recommendations such as those made by the National Committee 
on Radiation Protection and Measurements, the National 
Academy of Sciences, and the International Commission on 
Radiological Protection. 











The term "maximum permissible dose" is used by the 
National Committee on Radiation Protection (NCRP) and 
the International Commission on Radiological Protection 
(ICRP). However, this term is often misunderstood. The 
words "maximum" and "permissible" both have unfortunate 
connotations not intended by either the NCRP or the ICRP. 





There can be no single permissible or acceptable level of 
exposure without regard to the reason for permitting the 
exposure. It should be general practice to reduce exposure 

to radiation, and positive effort should be carried out to 

fulfill the sense of these recommendations. It is basic 

that exposure to radiation should result from a real determing- 
tion of its necessity. 
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(6) There can be different Radiation Protection Guides with 
different numerical values, depending upon the circumstances. 
The Guides herein recommended are appropriate for normal 
peacetime operations. 


These Guides are not intended to apply to radiation exposure 
resulting from natural background or the purposeful exposure 
of patients by practitioners of the healing arts. 


It is recognized that our present scientific knowledge does not 
provide a firm foundation within a factor of two or three for 
selection of any particular numerical value in preference to 
another value. It should be recognized that the Radiation 
Protection Guides recommended in this paper are well below 
the level where biological damage has been observed in humans. 


It is recommended that: 


4. Current protection guides used by the agencies be continued on an 
interim basis for organ doses to the population. 


Recommendations are not made concerning the Radiation Protection 
Guides for individual organ doses to the population, other than the gonads. 
Unfortunately, the complexities of establishing guides applicable to 
radiation exposure of all body organs preclude the Council from making 
recommendations concerning them at this time. However, current 
protection guides used by the agencies appear appropriate on an interim 
basis. 


It is recommended that: 


5. The term “Radioactivity Concentration Guide" be adopted for 
Federal use. This term is defined as the concentration of radio- 
activity in the environment which is determined to result in whole 
body or organ doses equal to the Radiation Protection Guide. 


Within this definition, Radioactivity Concentration Guides can be 
determined after the Radiation Protection Guides are decided upon. 
Any given Radioactivity Concentration Guide is applicable only for the 
circumstances under which the use of its corresponding Radiation 
Protection Guide is appropriate. 
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It is recommended that: 


6. The Federal agencies, as an interim measure, use radioactivity 
concentration guides which are consistent with the recommended 
Radiation Protection Guides. Where no Radiation Protection 
Guides are provided, Federal agencies continue present practices. 


No specific numerical recommendations for Radioactivity Con- 
centration Guides are provided at this time. However, concentration 
guides now used by the agencies appear appropriate on an interim basis. 
Where appropriate radioactivity concentration guides are not available, 
and where Radiation Protection Guides for specific organs are provided 
herein, the latter Guides can be used by the Federal agencies as a 
starting point for the derivation of radioactivity concentration guides 
applicable to their particular problems. The Federal Radiation Council 
has also initiated action directed towards the development of additional 
Guides for radiation protection. 


It is recommended that: 


7. The Federal agencies apply these Radiation Protection Guides with 
judgment and discretion, to assure that reasonable probability is 
achieved in the attainment of the desired goal of protecting man 
from the undesirable effects of radiation. The Guides may be 
exceeded only after the Federal agency having jurisdiction over 
the matter has carefully considered the reason for doing so in 
light of the recommendations in this paper. 


The Radiation Protection Guides provide a general framework for 
the radiation protection requirements. It is expected that each Federal 
agency, by virtue of its immediate knowledge of its operating problems, 
will use these Guides as a basis upon which to develop detailed standards 
tailored to meet its particular requirements. The Council will follow 
the activities of the Federal agencies in this area and will promote the 
necessary coordination to achieve an effective Federal program. 


If the foregoing recommendations are approved by you for the 
guidance of Federal agencies in the conduct of their radiation protection 
activities, it is further recommended that this memorandum be published 
in the Federal Register. 


ARTHUR S, FLEMMING 
Chairman, Federal Radiation Council 
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The recommendations numbered "1" through ''7" contained in 
the above memorandum are approved for the guidance of Federal 
agencies, and the memorandum shall be published in the Federal 


Register. 


DWIGHT D. EISENHOWER 


May 13, 1960 
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SECTION 1.—INTRODUCTION 


1.1 It was recognized soon after discovery of x-rays that exposure to large amounts of 
ionizing radiation can produce deleterious effects on the human body so exposed. More recent- 
ly, because of increased scientific knowledge and widespread use of radiation, additional at- 
tention has been directed to the possible effects of lower levels of radiation on future genera- 
tions. Various scientific bodies have made recommendations to limit the irradiation of the 
human body. Probably the oldest of such scientific bodies are the International Commission on 
Radiological Protection (ICRP) and the U. S. National Committee on Radiation Protection and 
Measurements (NCRP). Initially, iaese bodies were interested primarily in the irradiation of 
those exposed occupationally, but recently they have been concerned with those who are non- 
occupationally exposed. 


1.2 The ICRP was formed in 1928 under the auspices of the International Congress of Radi- 
ology. It is now a Commission of the International Society of Radiology. This Commission has 
published recommendations about every three years except for the period 1938-49. 


1.3 The NCRP was initially organized as the "Advisory Committee on X-ray and Radium 
Protection." The initial membership included representatives from the medical societies, x- 
ray equipment manufacturers, and the National Bureau of Standards. After the reorganization 
in 1946, the name was changed to the National Committee on Radiation Protection and Measure- 
ments, and additional representatives from other organizations having scientific interest in the 
field were included. The recommendations of this group have generally been published as 
National Bureau of Standards handbooks. Since 1947, 15 such handbooks have been made availa- 
ble on different aspects of the protection problem. 


1.4 In 1956, the National Academy of Sciences-National Research Council published reports 
of its Committees on the Biological Effects of Atomic Radiation. For genetic protection this 
group recommended a maximum gonadal dose up to age 30 both for individual radiation workers 
and for the entire population. These committees published a revised report in 1960. 


1.5 The recommendations of the NCRP, ICRP, and NAS-NRC are in rather close agreement. 
The recommendations of the NCRP have received wide acceptance in the United States. 


1.6 In 1955, The United Nations established a Scientific Committee on The Effects of Atomic 
Radiation (UNSCEAR). The report of this group (UNSCEAR, 1958) summarized the current 
knowledge on effects of radiation exposure and on human exposure levels. The report also 
contained predictions on exposures from testing of nuclear devices under various assumptions. 


1.7 The Joint Committee on Atomic Energy of the Congress held public hearings in 1957 on 
"The Nature of Radioactive Fallout and Its Effects on Man." The same committee held hear- 
ings in 1959 on “Industrial Radioactive Waste Disposal;" on "Employee Radiation Hazards and 
Workman's Compensation;" on "Fallout from Nuclear Weapons Tests;" and on “Biological and 
Environmental Effects of Nuclear War." In all these hearings, question# of the biological 
effects of radiation and of protection against excessive exposure to radiation received attention. 


1.8 The Federal Radiation Council was formed in 1959 (Public Law 86-373) to provide a 
Federal policy on human radiation exposure. A major function of the Council is to". . . advise 
the President with respect to radiation matters, directly or indirectly affecting health, including 
guidance for all Federal agencies in the formulation of radiation standards and in the establish- 
ment and execution of programs of cooperation with States ...." This staff report is a first 
step in carrying out this responsibility. As knowledge of the biological effects of radiation in- 
creases, and as factors making exposure to radiation desirable undergo change, modifications 
and amplifications of the recommendations of this staff report probably will be required. 
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Scope 


1.9 This staff report seeks to provide some of the required radiation protection recom- 
mendations. These recommendations are of an interim nature. Periodic review will be neces- 
sary to incorporate new information as it develops. This staff report includes recommenda- 
tions for additional research which will provide a firmer basis for the formulation of radiation 
standards. 


1.10 Only peacetime uses of radiation which might affect the exposure of the civilian popu- 
lation are considered at this time. The staff report also does not consider the effects on the 
population arising from major nuclear accidents. Only that portion of the knowledge of the 
biological effects of radiation that is significant for setting radiation protection standards is 
considered. Published information by the groups indicated above is summarized in this staff 
report; details may be found in the original reports. 


1.11 Certain of the classes of radiation sources are now regulated by various Federal 
agencies. There are some which are not so regulated but which should be considered as 
aspects of the overall exposure of the population to radiation. Therefore, this staff report will 
consider exposure of the population from all sources except those excluded above. 


Preparation of the Staff Report 


1.12 In preparation of this staff report, a series of meetings were arranged with staff 
members of various Federal agencies concerned with radiation protection. The objectives of 
this first phase in the preparation were (1) to determine the problems unique to these agencies; 
(2) to define problem areas not adequately covered by current radiation protection recommen- 
dations of the National Committee on Radiation Protection and Measurements or the National 
Academy of Sciences; and (3) to discuss the implications of the above recommendations. 


1.13 A second phase in the preparation of this staff report consisted of a series of con- 
sultations with Governmental and nongovernmental scientists in the various fields involved in 
the development of radiation protection standards. The purposes of these consultations were 
(1) to discuss the bases upon which recommendations on radiation protection standards are 
formulated; (2) to obtain the most up-to-date information on the biological effects of radiation; 
and (3) to elucidate some of the physical and chemical problems involved in the establishment 
and implementation of radiation protection standards. 


1.14 These consultations and the reports of the groups indicated above provided a basis for 
the present staff report. 


Definitions! 


1.15 The activity of a radioactive source is the number of nuclear disintegrations of the 
source per unit of time. The unit of activity is the curie. The weight of a radionuclide corre- 
sponding to one curie is directly proportional to the half-life and to the atomic weight of the 
nuclide. For example, uranium-235 with a half life of 7.07 x 108 years requires about 4.65 x 
105 grams to obtain an activity of one curie. The mass-activity relationship for iodine-131 
with a half life of 8.0 days is about 8.05 x 10°® grams to produce a curie. 


1.16 Any biological effect produced by radiation depends on an absorption of energy from 
the radiation. For many years the roentgen (r)! has been used as a measure of x- and gamma- 
ray absorption in body tissue. Conceptually, the roentgen is only a measure of the ability of 
x- Or gamma-rays to produce ionization in air and not of the absorption of these rays in tissue. 
More recently (ICRU H62, 1957), the absorbed dose of any radiation has been defined as "the 
energy imparted to matter by ionizing particles per unit mass of irradiated material at the 
place of interest." The unit of absorbed dose is the rad. However, under most conditions and 
to the accuracy required for radiation protection purposes, the number of roentgens is numeri- 
cally equal to the number of rads in soft tissues.” 


‘Por detailed definitions see ICRU, H62, 1957. 
*For the accuracy of this approximation and the conditions for its applicability, see the In- 
ternational Commission Radiological Units (ICRU) Report (1957). 
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1.17 The same absorbed dose of different kinds of radiation does not, in general, produce 
the same biological effect. Different kinds of radiation have a different relative biological 
effectiveness (RBE). It is well known that the RBE for a particular kind of radiation may be 
dependent upon such factors as the specific biological effect under consideration, the tissue 
irradiated, the radiation dose, and the rate at which it is delivered. Recommendations on 
radiation protection have generally assumed a specific RBE for each kind of radiation.3 The 
RBE dose is equal numerically to the product of the dose in rads and an agreed conventional 
value of the relative biological effectiveness. The unit of RBE dose is the rem, considered to 
be that dose which is biologically equivalent to one roentgen of x- or gamma-radiation. For 
example, one rad of neutrons is conventionally considered to be equivalent to 10 roentgens of 
gamma radiation, and this equivalence is expressed by saying that the RBE dose is 10 rem. 
However, it has been found experimentally that the same RBE dose of different radiation 
sources in the bone does not always produce the same biological effect. A numerical factor 
called the relative damage factor is introduced to take care of this difference. Thus, in the 


case of bone, the biological effect is represented by the product of the RBE dose and the rela- 
tive damage factor. 


1.18 Radiation Protection Guide (RPG) is the radiation dose which should not be exceeded 
without careful consideration of the reasons for doing so; every effort should be made to en- 
courage the maintenance of radiation doses as far below this guide as practicable. 


1.19 Radioactivity Concentration Guide (RCG) is the concentration of radioactivity in the 


environment which is determined to result in whole body or organ doses equal to the Radiation 
Protection Guide. 


Contents of the Staff Report 


1.20 The following sections of this staff report provide information on human exposure 
from radiation sources, the present state of our knowledge on the genetic and somatic effects 
of radiation, the problems of formulating radiation protection standards from available scien- 
tific data, the basic and derived radiation protection guides, recommendations for further work 
by the Federal Radiation Council, and indications as to areas in which research is needed in 
order to fill gaps in our basic knowledge. 


*Currently used values of RBE (relative to x-rays) are one for x-rays, gamma rays and elec- 
trons, 10 for neutrons and protons up to 10 Mev, and alpha particles, and 20 for heavy recoil 
nuclei. These are for chronic irradiation and should be used only for protection purposes. 
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SECTION Il.—KNOWLEDGE OF RADIATION EFFECTS 


Introduction 


2.1 This section includes general summaries of knowledge of the biological effects of ion- 
izing radiation on animals and man particularly pertinent to the problem of defining radiation 
protection standards. As noted in Section I (paragraph 1.13), this staff report was developed 
following a series of consultations with scientists who provided recent information on the ge- 
netic and somatic effects of radiation. The consultations included the experimental evidence in 
animals and the observations on humans, as well as the assumptions, hypotheses, and un- 
knowns in the relationships of radiation dose and effects. 


Definitions of General Biological Factors 


2.2 Radiation exposure can be described in terms of the part of the body exposed, the total 
dose delivered, the dose rate, and the duration of the exposure. Acute exposure is usually 
considered an exposure to a single event of irradiation or a series of events in a short period 
of time. Continuous or fractionated exposures over a long period of time are considered 
chronic exposures. 


2.3 Acute exposure can result in both immediate and delayed biological effects. Chronic 
exposure is usually considered to produce only delayed effects. The acute radiation syndrome 
will not be discussed in detail since it is applicable primarily to accidental or emergency ex- 
posures. The literature documents this effect (refer to Table 2.1). 


2.4 The available data describing immediate effects on humans include: 


(1) Medical data on effects following the therapeutic use of external sources such as 
x-rays, and of radionuclides such as radium, iodine, etc.; 


(2) Occupational data on exposure of radiologists, cyclotron workers, and workers in 
nuclear industry as a result of certain accidents; and 


(3) Population observations on atomic bomb survivors and on persons irradiated by 
heavy fallout in the vicinity of the Marshall Islands. 


2.5 Most delayed effects, in man, are inferred from consideration of experimental know]- 
edge in animals, from available epidemiological statistical observations, and from a limited 
number of medical and industrial case observations. Delayed effects are those effects ob- 
servable at some time following exposure. The effects considered are: (1) genetic effects; 
and (2) somatic effects, including the appearance of leukemia, skin changes, precancerous 
lesions, neoplasms, cataracts, changes in the life span, and effects on growth and development. 
The delayed effects produced by ionizing radiation in an individual are not unique to radiation 
and are for the most part indistinguishable from those pathological conditions normally pres- 
ent in the population and which may be induced by other causes. 


2.6 External radiation exposure refers to that exposure resulting from sources outside the 
body. Classifications of external radiation exposure are made on the basis of the portions of 
the body irradiated: whole body or partial body. 


2.7 Internal radiation exposure is that which comes from radioactive materials incorpo- 
rated within the body following their ingestion, inhalation, injection, or absorption. 


2.8 A critical organ is defined as that organ of the body whose damage by a given radiation 
source results in the greatest impairment to the body. Criteria appropriate to the determina- 
tion of critical organs for external or internal exposure are: (1) the radiosensitivity of the 

- Organ, i.e., the organ damaged by the lowest dose; (2) the essentialness or indispensability of 





0-25 r 


No 
detectable 
clinical 
effects. 


Delayed 
effects 


may occur. 
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TABLE 2.1 


SUMMARY OF EFFECTS RESULTING FROM ACUTE WHOLE BODY 
EXTERNAL EXPOSURE OF RADIATION TO MAN! 


25-100 r 


Slight 
transient 
reductions 
in lympho- 
cytes and 
neutrophils. 


Disabling 
sickness not 
common, ex- 
posed indi- 
viduals 
should be 
able to pro- 
ceed with 
usual duties. 


Delayed ef- 
fects possi- 
ble, but 
serious ef- 
fects on 
average indi- 
vidual very 
improbable. 


100-200 r 


Nausea and 
fatigue, 
with pos- 
sible vom- 
iting above 
125 r. 


Reduction in 
lymphocytes 
and neutro- 
phils with 
delayed re- 
covery. 


Delayed ef- 
fects may 
shorten life 
expectancy 
in the order 
of one per 
cent. 


200-300 r 


Nausea and 
vomiting on 
first day. 


Latent period 
up to two 
weeks or per- 
haps longer. 


Following 
latent period 
Symptoms ap- 
pear but are 
not severe: 
loss of appe- 
tite, and gen- 
eral malaise, 
sore throat, 
pallor, 
petecheae, 
diarrhea, 
moderate 
emaciation. 


Recovery 
likely in about 
3 months un- 
less compli- 
cated by poor 
previous 
health, super- 
imposed in- 
juries or in- 
fections. 


300-600 r 


Nausea, vomiting 
and diarrhea in 
first few hours. 


Latent period with 
no definite symp- 
toms, perhaps as 
long as one week. 


Epilation, loss of 
appetite, general 


hemorrhage, pur- 
pura, petecheae, 
inflammation of 
mouth and throat, 
diarrhea, and 
emaciation in the 
third week. 


Some deaths in 2 
to 6 weeks. Pos- 
sible eventual 


death to 50Z of the 


exposed individu- 
als for about 450 
roentgens. 


600 or more 


Nausea, vom- 
iting and di- 
arrhea in first 
few hours. 


Short latent 
period with no 
definite symp- 
toms in some 
cases during 
first week. 


Diarrhea, 
hemor rhage, 
purpura, in- 
flammation of 
mouth and 
throat, fever 
toward end of 
first week. 


Rapid emacia- 
tion and death 
as early as the 
second week 
with possible 
eventual death 


‘adapted from "The Effects of Nuclear Weapons,” U. S. Government Printing Office, 1957. 


the organ to the well-being of the entire body; (3) the organ that accumulates the greatest con- 
centration of the radioactive material; and (4) the organ damaged by the radionuclide enroute 

into, through, or out of the body. For a given situation, determination of the criteria chosen 

for internal emitters is subject to judgment based on various factors: physical (particle size), 
chemical (solubility; the compound form of a given chemical element), ecological (the environ- 
mental balance of calcium or iodine) and physiological (differential uptake by age and the met- 
abolic condition of the organism). 


2.9 On the basis of comparisons with known effects of x-rays in humans and animals, radi- 
oisotope experiments in animals, and the radium and other radioisotope observations in man, 
certain organs in the body appear to be the critical organs under various conditions of irradi- 


ation. These or 


, and examples of the delayed effect of irradiation upon these organs are: 


(1) gonads: genetic alterations; (2) bone marrow and other blood forming organs: the leukemi- 
as, aplastic anemia; (3) whole body: life span shortening; (4) single organs (bone, skin, thy- 
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roid, etc.): neoplasms, and other pathological effects; and, (5) the lens of the eye: cataracts, 
These are the effects ordinarily considered when assigning guides for external and internal 
exposure. 


2.10 A body burden of a radionuclide is that amount present in the body. The organ burden 
is the amount present in an organ. 


2.11 Multiple exposures may occur from diverse sources, e.g., from several sites of dep- 
osition and from several routes of entry into the body. Sources may be external or internal. 
An external source may irradiate the whole body or a portion of the body. An internal source 
or sources may produce radiation exposure in several ways: (1) a single radionuclide may 
produce whole body exposure or a single organ exposure; or (2) single nuclides may affect dif- 
ferent body organs simultaneously; or lastly, (3) multiple radionuclides may be absorbed 
thereby producing whole body, or single, or several organ exposures. 


Biological Variability 


2.12 Variations of effect with age depend upon metabolic, cellular, and organ-differences, 
Some factors of significance are: 


(1) Radiation sensitivity of a cell in terms of chromosomal aberration depends on the 
stage of mitosis when radiation is delivered. Damage becomes manifest when cell division 
takes place; the more divisions that occur, the greater the probability of manifestation. 


(2) During fetal life there is a greater sensitivity to radiation and the median lethal 
dose (LD;,) of fetuses is less than that of adults. After birth, in certain strains of mice the 
radiosensitivity decreases until maturity is reached, and then remains relatively constant 
until late in life when radiosensitivity again rises sharply. 


(3) Gross malformations may result from small amounts of radiation delivered to the 
developing embryo. The production of clinically evident malformations in fetal life depends on 
the stage of embryonic organ development when the radiation is delivered. 


2.13 Although few data are available on human populations it is presumed from the analogy 
of other stresses that undernourishment and strain may affect radiosensitivity. Anemia ren- 
ders mice more sensitive to radiation. However, from the evidence on radiobiological studies 
in tissue culture, and on the induction of mutations and biochemical effects, it has been shown 
that a reduction in oxygen tension produces a lowered response to radiation. 


2.14 There is a scarcity of information on the effect produced by the simultaneous pres- 
ence of bone-seeking nuclides (radium, strontium) and bone infection or bone conditions in 
which the mineral states are altered due to aging. 


2.15 The minimum doses causing biological effects detectable by current methods differ 
among species. However, for most mammals the LDs, dose varies by less than an order of 
magnitude.! Comparison of genetic effects between the fruit fly and the mouse can be cited. 
The x-ray induced mutation rate per r per average gene locus varies by a factor of 15 between 
fruit fly and mouse. For mouse spermatogonia the sensitivity of the mutation rate per locus 
(at 90 r per min.) from least to most sensitive locus may vary by a factor of 30; while in the 
fruit fly the specific locus sensitivity varies by a factor of two. Our ability to extrapolate con- 
fidently the data from animal experience to man depends on whether there is sufficient evi- 
dence of similarity between humans and the experimental animals. 


2.16 Within an individual, the range of tissue sensitivity varies by more than an order of 
magnitude from the more sensitive (blood forming organs) to the more resistant (the adult 
nervous system). 


2.17 The apparent sensitivity of a tissue to damage depends on the index of measurement 
used, e.g., the biochemical effect, the mitotic effect, the cellular effect, or states of tissue de- 
rangement, tumor production, or life span changes. As examples, (1) for changes in the lens 
of the eye, one may measure the clinical appearance of cataracts years after radiation injury, 
or one may measure the immediate biochemical changes; (2) lymphocyte damage may by measured 


‘The term, an order of magnitude, as used in this staff report refers to a factor of ten. 
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by the reduction in the number of lymphocytes, or by the structural changes in the cell nucleus, , 
or by the chemical change in nuclear DNA content; and (3) the effect on bone marrow may be 
measured by the appearance of immature cells in the blood stream or by the rate and amount 
of Fe-59 incorporated in the cells. 


2.18 In an individual adult it is difficult or in some cases impossible to detect effects from a 
single external exposure of less than 25 to 50 r, and from continuing exposure to levels even 
about two orders of magnitude greater than natural background. It should be noted, however, 
that changes in the nucleus of lymphocytes have been described in some adult radiation 
workers after two weeks of exposure to levels as low as 0.20 r per week. 


2.19 Man's sensitivity to radiation depends on his age at the time of exposure. Considering 
his long life, the time periods of importance are: for genetic considerations, the interval from 
conception to the end of the reproductive period; and for somatic effects, the total lifetime dur- 
ing which delayed effects may become manifest. 


(1) Embryonic neuroblasts in vitro are sensitive to a dose of radiation of orders of 
magnitude smaller than the dose which kills adult nerve cells. 


(2) In fetal organ systems, effects (e.g., delayed effects on blood forming tissues) 
may be evident with 2-10 r acute exposure, and skeletal effects with 24 r. 


(3) The child's thyroid is more sensitive than the adult thyroid. Cancer of the thyroid 
has been observed in children after an acute external exposure of approximately 150 r. In 
adults the same effect has been observed only after exposures of more than several hundred r. 


(4) A study of the differential sensitivity for induction of skin tumors by x-ray (used 
in the treatment of hemangiomas) showed that children were 3-4 times more sensitive than 
adults. 


(5) In adults, the presence of disease states may be correlated with the later appear- 
ance of neoplasms, apart from the effects of radiation. This has been reported in ankylosing 
spondylitics who later developed leukemia. 


2.20 In addition to differential sensitivity there are important factors of differential uptake 
between adults and children. Some of these are: 


(1) The rate of deposition of skeletal calcium and the fractions of equilibrium Sr-90/ 
Ca ratio for accretion and for remodeling of bone are each a complex function of age; each 
may vary by a factor of at least 10 from newborn to age twenty. 


(2) The uptake of iodine per gram of tissue by the normally functioning thyroid gland 
differs widely between children and adults. 


(3) Different age groups are exposed to different environmental radiation conditions. 
For example, because of differences in dietary intake an infant may be exposed to different 
total amounts of Sr-90 radiation than an adult. 


2.21 There is a current definition for the “average” adult--"Standard Man." The "Standard 
Man" is defined in such terms as organ size, distribution of elements in the body organs, fluid 
intake and excretion, and air balance. Each of these factors differs between adults and chil- 
dren, and also differs among various age groups of children. Therefore, there is a need for a 
comparable definition of Standard Children" to be used in developing Radioactivity Concentra- 
tion Guides. 


Dose-Effect Relations for Genetic and Somatic Effects 









2.22 Among the possible dose-effect relationships at least three possibilities have been 
considered in the literature: (1) a linear, no threshold concept; (2) a nonlinear, no threshold 
concept; and (3) a nonlinear, threshold concept. Among the parameters which must be con- 
sidered in the relationships are the total dose, the dose rate, the biochemical or clinical man- 
ifestation of effect, and the period of time in which the effect becomes manifest. 


2.23 The evidence for linearity and no threshold for induction of mutations in the genetic 
material is based on work with fruit flies and mice. The method consists in the scoring of the 


632 RADIATION PROTECTION 


occurrence of specific traits in progeny of irradiated animals. In studying irradiated males, 
the experimenter can determine the genetic manifestations in the progeny corresponding to the 
stages of development of spermatogonia and spermatozoa in the parent. This can be accom- 
plished by selecting suitable time intervals between irradiation and mating. Experimentally 
one measures visible traits in the offspring (such as coat color changes in the mouse or fail- 
ure of pupal development in the fruit fly). These traits are then attributed to specific gene 
mutations in the parent germ cell. The effect is therefore considered to be directly propor- 
tional to the number of genetic changes induced in the parental germ cell. It is well demon- 
strated that the curve showing effect against dose in experimental animals is linear within the 
range of 37 r to 1,000 r total acute dose, and geneticists believe that there is no threshold for 
the genetic effect. The finding of a dose-rate dependence effect (chronic exposure is approxi- 
mately one-fourth as effective in inducing mutations as is acute exposure) probably represents 
partial recovery at low dose-rates and does not conflict with the no threshold concept. 


2.24 For somatic effects, unlike genetic mutation effects, there is no general agreement 
among scientists on the dose-effect relationships. It is known, for example, that the nature of 
the dose-response curve can be altered drastically by changes in the external environment of 
the organism. In addition, although radiation may be the initiating event, there may be other 
promoting factors operating before the manifestations are evident. Such factors mentioned in 
the literature include cocarcinogens: hormones, chemicals, and viruses. 


2.25 Because of the complexities of animals and man, there may be many mechanisms by 
which radiation produces effects. One of the mechanisms may be the induction of a primary 
effect by radiation which, after a sequence of secondary events over a period of time, leads to 
a clinical manifestation such as neoplasia. In this hypothesis, the induction of the primary ef- 
fect could be consistent with a linear no threshold concept of dose-effect relationship, yet the 
successive manifestations of the damage could be nonlinear and not consistent with a threshold 
concept. Therefore, in the case of neoplasia, the demonstration of linearity or nonlinearity for 


the gross effect does not predict the presence or absence of a threshold dose for the primary 
insult. 


2.26 There are some somatic effects in animals which do not support a linear no threshold 
concept (e.g., acute mortality; splenic, thymic and testicular atrophy, incidence of lens opacity, 
duration of depression of mitotic activity, and incidence of heterologous tumor implants). 
However, the experiments demonstrating these effects were not performed primarily to ex- 
amine threshold theory and were done at high dose ranges above 100 r. Considering the diver- 


sity of results in different species of animals, extrapolations to man for these effects at low 
doses should be made with caution. 


2.27 In man, the chief evidence for a linear dose-effect relationship for somatic effects 
comes from some of the leukemia studies (see Table 2.2). Data are available for acute expo- 
sures above SO rads in adults. Predictions of the incidence of leukemia in the general popula- 
tion per rad of exposure have been made by extrapolations from these data. Certain of these 
predictions have involved the assumption that the occurrence of radiation-induced leukemia 
per rad will remain constant for the life of the population, the assumption of no difference 
among effects of irradiation of various parts of the body and the assumption of a constant 
probability of occurrence of leukemia per rad of acute and chronic exposure. There is no di- 
rect evidence that justifies extrapolation from the condition of acute exposure to one of a low 
dose chronic external exposure, or to the radiation from internal emitters. 


2.28 In summary, the evidence is insufficient to provd either the hypothesis of a damage 
threshold or the hypothesis of ao threshold in man at low doses. Depending on the assumptions 
used, forceful arguments can be made either way. It is therefore prudent to adopt the working 
principle that radiation exposure be kept to the lowest practical amount. 


Genetic Effects 


2.29 The following working assumptions have been derived from the evidence considered in 
this staff report: (i) radiation induced mutations, at any given dose rate, increase in direct 
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linear proportion to the genetically significant dose;? (2) mutations, once completed, are irre- 
parable; (3) almost all the observed effects of mutations are harmful; (4) radiation-induced 
mutations are, in general, similar to naturally occurring mutations; and, (5) there is no known 
threshold dose below which some effect may not occur. 


2.30 The linearity is established in fruit flies down to 25 r and is confirmed in mouse 
spermatogonia down to 37 r, but there is no direct evidence for linearity below these doses. 
Although the studies in animals do not involve a period comparable to the 30-year period of 
chronic irradiation in humans, the hypothesis used in this staff report is that the mutations in- 
duced by small dose rates of radiation to human reproductive cells are cumulative over long 
periods of time. Under this assumption, irradiation of the whole population from any source is 
expected to have genetic consequences, 


2.31 In addition to genetic effects in the progeny of an exposed individual, attention must be 
given to the total genetic effect on the population. Within the working assumptions above, the 
total genetic load is independent of the distribution of the exposure within the population. 
Therefore, when radiation protection standards are established for large numbers of exposed 


persons, limitations may be imposed by considerations of population genetics (the effects on 
population as a whole), 


2.32 Major areas of uncertainty in genetic information for man, with regard to both popula- 
tion and individual genetics, are the estimations of: the spontaneous and induced mutation 
rates; the genetic load of mutations; the influence of man-made factors (mortality reduction 
brought about by health protection, for example) operative in natural selection; and the influ- 
ence of synergism of gene interaction. 


2.33 Formulation of radiation protection standards has been based in part on estimates of 
genetic hazards to man. These in turn have been based chiefly on data from mice and from 
acute rather than chronic irradiation. Results of recent experiments considered pertinent to 
the evaluation of genetic effects are: 


(1) The genetic effects under some radiation conditions may not be as great as those 
estimated from the mutation rates obtained with acute irradiation. It has been shown in mice 
that fewer specific locus mutations are produced in spermatogonia and oocytes by a low dose 
rate (chronic gamma radiation at 90 r per week) than by a high dose rate (acute irradiation at 
90 r per minute) for the same total accumulated dose above 100 r. A similar effect has been 
reported for sex-linked lethal mutations in the oogonia of fruit flies. The number of mutations 


induced in spermatogonia by chronic irradiation is smaller (about one-fourth) than that induced 
by acute irradiation. 


(2) Studies being planned may define quantitatively the dose-effect relationship with 
fractionated, low doses delivered at high dose rates. These data may be of direct significance 
to medical practice using fluoroscopy and radiography. 


(3) Life shortening has been demonstrated in the offspring of male mice irradiated at 
high doses. 


(4) Radiation doses of 25 r appear to produce chromosomal breakage in human cells 
grown in tissue culture. 


Items (1) and (2) above indicate that in the preparation of radiation protection standards 
based on the genetic effects, consideration should be given to dose rate as well as total dose. 





"The genetically significant dose to the individual is considered to be the accumulated dose 
te the gonads weighted by a factor for the future number of children to be conceived by the ir- 
radiated individual, The genetically significant dose for the population is defined as the dose 
which, if received by every member of the population, would be expected to produce the same 


total genetic injury to the population as do the actual gonad doses received by the various in- 
dividuals. 
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Leukemia 


2.34 Information useful for study of the risk of leukemia among exposed persons is based 
on experimental data on animals, some observations on humans, and the rise in crude leuke- 
mia mortality rates observed in many countries. There is more information available on the 
correlation between radiation exposure and leukemia incidence in man than there is for other 
radiation effects. 


2.35 Most of the reported investigations indicate that the incidence of leukemia among ir- 
radiated persons increases with the exposure dose. A definitely increased incidence of leuke- 
mia occurs after one large whole body dose or a large accumulated dose. The available evi- 
dence applicable to the general population under the assumptions listed in paragraph 2.27 in- 
dicates a linear correlation of dose to incidence down to about 50 rads of whole body acute ex- 
posure. The specific findings in other studies vary with the type of exposure and are specula- 
tive at lower doses. There have been reports that, during prenatal life, fetal doses as low as 
2-10 r may double the incidence of leukemia, although other studies have not confirmed this 
finding. Prenatal exposure may be quite different from exposure of adults and there is no evi- 
dence that these low dose levels may be effective later in life. There is also no satisfactory 
evidence that chronic lymphatic leukemia is produced by radiation although this is the form of 
leukemia primarily responsible for the rising crude leukemia rate in the general population. 


2.36 Past studies of leukemia-radiation correlations in human populations have limitations 
imposed by retrospective epidemiological techniques as well as factors inherent in the nature 
of leukemia. Epidemiological techniques which are retrospective in type are limited by the: 


(1) difficulty of determination of the radiation dose; 
(2) absence of uniform radiation recording methods; 


(3) difficulty of associating medical and vital statistical records: i.e., such studies 
introduce biases inherent in the techniques of interview, questionnaire, or manual searching; 


(4) statistical selection of cases which may be weighted with those cases having a 
disease related in some way to leukemia; and 


(5) the fact that the numbers of persons in the population groups studied are usually 
small. 


2.37 The following factors produce difficulties in the evaluation of the findings on possible 
radiation produced leukemia: 


(1) Although leukemia has the advantage of the use of simpler procedures for the di- 
agnosis of the disease than are available for other neoplastic diseases, it has the disadvantage 
that the classification of various types of leukemia is subject to debate. It is thus difficult to 
compare statistics of different origins. 


(2) The hematological effects such as are seen in leukemia can also be ascribed to 
sources other than radiation. 


(3) Leukemia ascribed to radiation cannot be distinguished from leukemia due to 
other causes. 


(4) Leukemia is a rare disease in humans whose crude annual incidence in the popu- 
lation-at-large is about 5 per 100,000 persons. 


(5) The various forms of leukemia have different clinical courses and the relative 
incidence of cytologic types varies with age. Not all the various forms of leukemia can be 
placed in one category since it does not appear that the chronic lymphatic form may be induced 
by radiation. 


2.38 Considerations of the above factors require that epidemiological studies include large 


samples of exposed subjects, provide mechanisms for follow-up over long periods of time, pro- 
vide adequate control groups, and provide ascertainable exposure and outcome. 
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2.39 Conclusions drawn from the studies listed in Table 2.2, indicate that: 


(1) Under certain conditions, there is a clear association between leukemia and 
prior radiation exposure. This association has been demonstrated only where the exposures 
are high. The effect may be discerned at doses of the order of several thousand r for pro- 
longed intermittent exposure over many years in normal adults; or, doses of the order of 500 
r for bone marrow exposure in adult males with pre-existing disease; or, doses of the order 
of 50-100 r for acute whole body exposure in a general population of all ages; or at acute dose 
possibly as low as 2-10 r to the fetus; 


(2) Long follow-up periods are required to assess cancer experience following ir- 
radiation, 


(3) Little data exist on leukemia incidence among women exposed to therapeutic 
doses of radiation from radium or x-rays; 


(4) It is unlikely that retrospective studies will definitely solve the question of the 
shape of the dose-response curve at low levels of exposure or the existence of a threshold. 
Additional retrospective studies on population groups receiving high doses of radiation may 
provide refined quantitative knowledge. There are only a few prospective studies reported 
that can provide information on both the quantitative and qualitative effects of chronic low 
doses received over many years; 


(5) The risk of any one individual developing leukemia is small even with relatively 


large doses. However, when large populations are exposed, the absolute number of people af- 
fected may be considerable. 


2.40 The leukemogenic effect of internally deposited isotopes requires special mention. 


Strontium: We have no documented evidence that bone depositions of strontium in humans 
have produced leukemia. Statements that radiostrontium is leukemogenic are based solely upon 
studies in mice. Since leukemia is a common disease spontaneously occurring in certain 
strains of mice, one cannot accept this observation as necessarily applicable to man. 


Thorium: Only a few cases of leukemia following thorium injections for medical diagnosis 
have been reported in the literature. The leukemias have occurred with latent periods up to 


20 years. However, the dose calculations for irradiation of the bone are complicated by the 
presence of thorium daughters. 


Radium: No cases of leukemia have been reported in those persons who have had radium 
deposited in their bones, even though some persons developed bone cancers. This is not un- 
expected in view of the fact that radium deposited in bones results in a relatively small dose 
to the bone marrow. 


lodine: Only a few cases of leukemia have been reported in patients receiving iodine-131 
for the medical treatment of hyperthyroidism and cancer of the thyroid. It would seem that 
well planned large population studies on persons who received radioiodine medically would 
contribute to the knowledge of the leukemogenic and carcinogenic effect at the levels used. 


2.41 The possibility of the detection of low doses of radiation by hematological techniques 
is deserving of high priority. The most sensitive indicator available at present may be the 
counting of binucleated lymphocytes, but the technique is not now practical for wide applica- 
tions because of the need to examine large numbers of cells on hematology slides. The develop- 
ment of practical electronic devices to screen these cytologic blood specimens should be en- 
couraged. The prognostic significance of the observations of morphological changes in the 
lymphocytes will be elucidated by long term follow-up of selected study and control groups. 


Other Neoplasms and Premalignant Changes 


2.42 Clinical evidence indicates that irradiation in a sufficient amount to most parts of the 
body may produce cancer as a delayed effect although no inference of an incidence-dose re- 
lationship should be drawn. Some of the evidence in humans is based on: 


(1) skin cancers among radiologists in the early history of the use of x-ray; 
(2) thyroid cancers in children irradiated in the neck region; 
ll 
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(3) Leukemia among children who were exposed in utero to x-ray for pelvimetry of 
the mother; 


(4) Bone sarcomas in radium dial painters and other persons exposed to radium-226; 


(S) Liver sarcomas in medical patients given thorotrast; and 
(6) Bronchogenic cancer in miners occupationally exposed to radon and its daughters. 


2.43 The bulk of the evidence lies in the work done on animals with external whole and 
partial body doses, as well as with internally absorbed radionuclides. Both benign and malig- 
nant lesions have been produced, although the evidence is incomplete and there is no simple 
relationship between carcinogenesis anddose. Mice are more sensitive to all modalities of 
radiation exposure than man for the induction of skin and ovarian tumors and leukemia. 


TABLE 2.2 


TYPES OF STUDIES THAT HAVE BEEN DONE IN HUMANS ON LEUKEMIA 
AND RADIATION 


I. Occupational 
1. Cases not reported in the literature. 
2. Scattered reports in the literature. 
3. Radiologists. 
4. Uranium miners. 


Il. Therapeutic and Diagnostic 


1. Children receiving partial body exposure to x-rays. 


Infants treated for thymus gland enlargement. 
b. Infants similarly treated who had normal size thymus glands. 
c. Children treated for pertussis and lymphoid hyperplasia. 
d 
e 


. Children treated for other benign conditions of many different types. 
. Children treated for neuroblastoma. 


2. Adults 


a. Patients with ankylosing spondylitis given x-ray treatment to the spine. 
b. Radiologists receiving partial body x-ray radiation over many years. 
c. Patients treated for hyperthyroidism with x-ray; and radioiodine. 

d. Patients treated for polycythemia with radiophosphorus. 


3. Prenatal 
Maternal prenatal exposure to diagnostic doses of x-rays. 
Ill. General Population 


Japanese people who received whole body irradiation from A-bomb explosion. 


IV. Internal Emitters 


1. Thorotrast 
2. Radium 
3. lodine 
4. Phosphorus 





6; 


rs. 


[- 


RADIATION PROTECTION 637 


2.44 It is pertinent to the discussion of a threshold dose or dose rate dependence for car- 
cinogenesis to describe two theories of radiation carcinogenesis: the direct somatic mutation 
effect and the theory of indirect effect. 


2.45 The direct theory postulates that the incidence of tumors induced by radiation in a 
population is proportional to the dose. This theory states, by direct analogy with genetic 
theory, that the somatic cell may incur chromosomal changes which become evident on cell 
division and lead toa neoplastic change. So far it is impossible to test this on human popula- 
tions. Animal experiments show that the effect is much more complicated. The theory of 
indirect effect considers that there are tissue and hormonal factors which mediate the occur- 
rence and site of development of tumors following irradiation. 


2.46 The evidence bearing on the two theories may be summarized as: 


(1) The long latent period for development of tumors may indicate that they develop 
only after a series of premalignant changes or states of tissue alteration have taken place. 
As yet unknown is the sequence of events and how the events are correlated with dose or dose 
rate. For example, the deposition of radium in bone may produce slight changes in the bone 
at lower levels, necrosis at increasing levels, and bone tumors at high levels. 


(2) In man, the latent period for cancer induction by radiation is often from 10 to 20 
years, although for leukemia the period may be from 5 to 10 years after a single whole body 


irradiation. For chronic exposure at low dose rates, it would appear that the latent period 
is longer. 


(3) Tissue changes induced by radiation need not occur at the site of injury. There 
are indications that the critical factors may include responses of the whole body to the radia- 


tion, rather than the radiation effect upon a single cell exclusively; examples of this principle 
are: 


(a) The primary cause of tumors such as mouse lymphomas or mouse ovarian 
and pituitary tumors may be disturbances of an endocrine gland. 


(b) Mouse experiments how that shielding of a part of the body will prevent the 
appearance of radiation leukemia, or that shielding one ovary will prevent a tumor 
from developing in the other. 


(c) Cells grown in tissue culture (where growth inhibitory factors which may 
be present in the body are lacking have a tendency for malignant variance entirely 
apart from considerations of radiation. Under certain-conditions, attempts to trans- 
plant a tumor to an animal are unsuccessful until the animal has developed an auto- 
genous metastatic malignancy. 


(d) The presence, in an animal or man, of a cancer is associated with an in- 
creased probability of occurrence of a second cancer, in a similar or other tissue. 


2.47 At chronic low levels of radiation the combination of varying susceptibility with age 
and the long latent period for tumor induction complicates an analysis of dose-effect relation- 
ships. Experimental animals must be maintained for long periods of time and there must be 
large numbers of animals to achieve statistically significant results. 


2.48 In man, the data seem to show that one must be exposed to relatively high external 
exposure levels to show a carcinogenic effect in certain tissues. For example, available in- 
formation indicates that cancers have been observed in persons receiving doses in the range 
of 500 to 2,500 r to the skin. The thyroid carcinogenic dose has been shown to vary greatly 


with age and may be one of the most sensitive indices in children of the carcinogenic property 
of radiation. 


Bone Tumors From Internal Emitters 


2.49 The two sets of crucial data on the problem are the human radium experience and the 


animal experiments, now underway, on comparative toxicity of radium, strontium, plutonium, 
and thorium. 





638 RADIATION PROTECTION 


2.50 Historically, the evidence leading to the first establishment of a radium body burden 
limit, for occupational workers only, was based on physical data and a small amount of bio- 
medical information on a few dozen adults. Summaries of new data on several hundred liv- 
ing persons have been reviewed for this report. Persons studied were workers who absorbed 
pure radium (or radium plus mesothorium and radiothorium) in the course of radium dial 
painting, or were patients treated medically with radium waters, or were persons drinking 
public water supplies relatively high in radium. The information permits the comparison of 
effect on bone with body burden estimates of radium-226-equivalent present after periods as 
much as 35 years of prolonged exposure. Present physical techniques of estimation of body 
burden are based on radon breath analysis, whole body gamma counting, excreta analysis, and 
the assay of teeth and bone. The complications of dosimetry in some of the dial painters 
arising from the presence of both radium and mesothorium are partially resolved, but the ex- 
act equivalance of radium to mesothorium is not well established. 


2.51 The clinical evaluation of the living persons studied includes a history, physical ex- 
amination, and radiographic and pathological studies. The criteria of effect are based on the 
differential diagnosis of x-ray evidence of bone changes, the presence of pathological frac- 
tures, bone tumors, changes in teeth or signs of other findings.’ The period between exposure 
and observation of skeletal changes by x-ray examination is usually determined by the date of 
examination rather than the date of onset of skeletal changes. Rarely are serial radiographs 
available over a period during which the changes first appear. In other than special micro- 
radiographic studies, there is no evidence available of cellular or biochemical effects. 


2.52 A major problem in evaluation of the hazard of radium exposure is the definition of a 
clinically significant effect. If clinically significant effect is defined in terms of significant 
injury to the person, it may include only the symptomatic factors which impair the person's 
daily living, energy or longevity (tumors and pathological fractures). If clinically significant ef- 
fect is defined in terms of detectable changes, the index may be radiographic evidence dis- 
cernable to a competent physician. In either case the changes indicate varying degrees of 
late effects and are observed after many years of exposure. 


2.53 It can be hypothesized that, on a cellular level, the effect is linearly proportional to 
body burden. Gross demonstrable changes plotted against dose could follow a normal distribu- 
tion even though the effect at the cellular level were linear. 


2.54 In attempting to define effects which can be extrapolated to the general population the 
following unknowns are apparent: 


(1) the sequence of events during the latent period, as a function of dose; 
(2) the radiobiological effect on small volumes of tissue; 
(3) the site of injury and the degree of recovery from injury; 


(4) the elapsed period of time from cellular injury to the evidence of the effect and 
the possible interrelationships among bone osteitis, necrosis, pathological fracture, and bone 
tumors; 


(5) the variance in biological sensitivity with age; also, the variance in bone physiol- 
ogy at all ages in humans, the structure of the organic matrix, the crystalline and vascular 
structure, and the differences in homogeneity of distribution of the bone seeking nuclides; 


(6) the variations of body burden with time in the individual after a single or frac- 
tionated intake; more radium retention data are needed in humans to permit determination 
of body burdens at times less than the 35 years after initial intake; 4 


*The indices used are: absence or presence of x-ray evidence of localized areas of bone 
rarefaction, areas of increased density, abnormal trabecular pattern, severe aseptic necrosis, 
pathological fracture; abnormal tooth structure; sarcoma; carcinoma at other sites; leukemia; 
anemia. 

“Some recent data suggest that, for oral intake of radium waters, the measured body burden of 
humans drinking the waters is about one-sixth of the body burden predicted by currently used 
biological models. 
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(7) information from large populations on the correlation vetween the average back- 
ground body burden of radium and the natural population incidence of osteogenic sarcoma; and 


(8) uncertainties in the RBE for alphas on chronic exposure. 


2.55 There is no evidence to establish definitely the presence or absence of a threshold 
for the effects of radium deposition in bone. However, the first appearance of minimal radio- 
graphic changes in bones of adults exposed to radium occurs with a residual body burden 
(measured several decades after exposure) of the order of 0.2 microgram. Whether this ef- 
fect is attributable to radium is in doubt because of the absence of matched age group con- 
trols. There seems to be no doubt that, at 0.5 microgram burden, changes in adult bones, 
shown by radiographs, are manifest in some individuals. Radiographic changes are always 
seen above 0.8 microgram, and there is agreement that bone tumors begin to occur at about a 
burden of 0.8 to 1.0 microgram. Teeth changes were noted in a young person with a body bur- 
den of 0,15 microgram. Within the limits of the time duration for the effect and the relatively 
small numbers of individuals studied, there is a range of radium body burdens within which 
any specific clinically significant effect occurs. The body burdens among individuals with a 
given effect appear to be statistically normally distributed, At increasing burdens the curve 
of body burden against effect follows a steeply rising slope. At body burdens below 0.1 micro- 
gram, which is the area of our interest, prediction is hazardous. 


2.56 It would appear that current radium studies (among the groups described in paragraph 
2.50) may have a maximum number of about 2,000 persons available for body burden measure- 
ments. These numbers may be insufficient on a statistical basis to assure extrapolation of the 
probability of occurrence of an effect to the general population. It remains to be demonstrated 
whether or not, on an individual basis, the diagnostic methods used on humans can show “dam- 
age" below 0.1 microgram. This is true even if one studies a larger number of individuals, 
particularly if the group is composed of children with differential sensitivity or of older per- 
sons with intercurrent infections or increased bone fragility. It is hoped that pertinent data on 
the question of threshold will be forthcoming from animal studies. There is suggestive evi- 
dence that the length of the latent period for the development of "clinically significant findings” 
may increase as the body burden decreases. If this be true, depending on the age of the ani- 
mal, the latent period may be greater than the remaining lifetime of the animal. 


2.57 With other bone seeking radionuclides there are not as extensive data in man on bio- 
logical effects as for radium. Therefore, it has become the custom to relate the biological ef- 
fects of other bone seeking radionuclides to those of radium. Evidence for the relationships 
has been obtained at high doses in animals. For example, mouse experiments showed the ratio 
of body burden of radiostrontium to radium for the same tumor induction to be approximately 
10 to 1. However, newer biological data in man on the skeletal escape and excretion of the 
radium daughter radon require further adjustment in the ratio when it is applied to man. Al- 
though bone tumors have been produced by radiostrontium in animals, it should be noted that 
no cases of bone tumors have been demonstrated in man as due to strontium-90. 


Life Span Shortening 


2.58 Radiation exposure does not produce in the individual a pattern of effects specific to 
radiation. Life span shortening has been demonstrated in animals by comparisons of mean 
life span between exposed and nonexposed groups. This involves observations continued to 
death: of the cohorts of the irradiated individuals while controlling the intercurrent factors 
which might affect the study groups. 


2.59 The experimental evidences of radiation effect on life span in animals includes: 


(1) Exposure of animals to chronic high doses, in general, decreases their life span. 
A plot of the percentage survival vs. time yields an S shaped curve in both the exposed group 
and the unexposed controls. The mean survival time, however, is shortened in the exposed 
group to the total dose. While the evidence is not conclusive, it appears that in mice the mean 
life span is lengthened at very low dose rates, at a total dose of about 100 r. However, in 
every piece of experimental evidence (except at about the 100 r level in animals described 
above) there is life span shortening at dosages above approximately 100-300 r total body dose. 
At such dosages the life span shortening in mice is in the order of 1 to 1.5 percent of total life 
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span per 100 r total dose. The evidence for linearity of the dose-effect curve in other species 
(dogs) rests on only a few animals and, again, at doses greater than 100 r. There is sugges- 
tive evidence that protracted doses above 200 r have a lesser effect than a single acute dose. 
For protracted radiation, in some experimental animals, it appears that there is some life 
shortening from the range of 200 to 1000 r, but that the chronic radiation is about 4 to 5 times 


less effective per r than a single very large dose. For radiations other than x- or gamma-rays 
the RBE for this effect is uncertain. 


(2) A decrease in the median lethal dose is observed when pre-irradiated animals are 
exposed toa second course of irradiation in comparison to controls not previously irradiated. 
This decrease in the LDsq depends upon the elapsed time between first and second exposure. 


2.60 The facts concerning acute injury and delayed effects described above might lead to 
the following assumptions; viz: 


(1) The total injury produced by radiation varies linearly with the dose. 


(2) Partial recovery from acute injury occurs, but an irreparable effect remains. 


(3) Recovery from reparable injury is an exponential process. The recovery rate 
varies with the dose rate and whether the exposure is whole body or partial body. The expo- 
nential rate of recovery following acute exposure is the cumulative expression of the fact that 
different parts of the body repair at different rates. 


(4) Irreparable injury is accumulated in proportion to the total dose. It may be 
measured by life shortening, or, for experimental purposes, by a reduction in the median 
lethal dose. Residual injury of irradiation occurs irrespective of the age of the animal when 
irradiation is begun. 


2.61 Examination of the specific causes of death shows that the same causes of death, 
apart from tumors, occur generally in the same proportion but sooner in the irradiated than in 
the unirradiated individuals. It is to be noted that observations are sometimes made of some 
vascular impairment or accumulation of connective tissue, but these cannot be quantitated. 
Studies of performance tests may shed more light on this. 


2.62 The effects from large acute exposure may conform to the assumptions outlined above 
but all of these assumptions may not be applicable to the effects of a chronic daily dose of | r. 
Lacking in our knowledge is a formulation of indices of recovery following irradiation at these 
low levels. The experimental use of the median lethal dose to measure recovery requires 
pre-irradiation doses of at least 40-50 r to yield definitive data with reasonable numbers of 
animals. 


2.63 Little is known of the nature of the pathological process responsible for life shorten- 
ing. One theory considers, by analogy to genetic mutations, that the accumulation of radiation 
injury to the somatic cell chromosomes leads to reproductive death of a somatic cell. This 
process occurring in a large number of cells may be responsible for the aging of an organism. 
In the present state of knowledge it is premature to attribute the complex processes of aging 
to somatic mutations. It seems that extensive studies of the causes of death shown by animal 
experiments and human surveys may further our knowledge of chronic radiation effects in 
man. 


2.64 In humans the evidence for life span shortening is limited. Mortality studies among 
U. S. physicians, comparing the effects of occupational exposure of radiologists with other 
physicians and with the general male population, have not produced definitive answers to the 
question of whether a decrease in life span occurred in the radiologists. For the general pop- 
ulation, estimations of a non-specific life shortening effect from whole body radiation con- 
tinues to be based on experiments on animals exposed to large doses. There are as yet no 
data in man to answer the questions of quantitative estimates of life shortening effect per rad 
of whole body exposure. Equally in question are the existence of a threshold dose, or the dose 
fractionation effect for exposures commonly experienced by the general population. 
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Growth and Development 





2.65 Only a portion of developmental defects are attributable to genetic origins. It is nec- 
essary to distinguish within the totality of congenital defects, those attributable to changes in 
the genetic material; and of the latter, those which may be due to environmental causes, in- 
cluding radiation. Some geneticists estimate that 10 percent of fertilized ova have some con- 
genital defect (malformation) detectable during that generation. Of this 10 percent, about 0.1 
are ascribed to an environmental insult to the developing fetus (such as rubella and other 
viruses, toxic chemicals, maternal nutritional disturbances, radiation, etc.); about 0.1 are 
clearly due to simple mendelian genetic systems; and about 0.1 are due to chromosomal aber- 
rations of a particular type. The great bulk of the remaining 0.7 are believed to be due to 
complex genetic systems whose expression depends on environmental variables operating on 
alterations of the homeostatic balances of life. Radiation may be one of a myriad of possible 
causes of congenital defects. 


2.66 In animals, effects of radiation on prenatal embryonic development have been demon- 
strated from 25 r to several hundred r or more, and are closely correlated with the time of 
gestation at which radiation is given. The prenatal effects include (1) failures of uterine im- 
plantation leading to a maternal missed period, or to miscarriages and stillbirths; (2) altera- 
tions induced in the varying stages of development of fetal organs which lead to a high neonatal 
death rate and abnormalities at term; and (3) late stage manifestations, such as subtle changes 
in physiological states. 


2.67 Parts of the human brain and eye are probably susceptible to injury until the last 
months of gestation. In mice, acute doses of 25-30 r (whole body x-rays) to the fetus produce 
discernible skeletal defects. It is known from bone studies on human stillbirths that radio- 
strontium may pass through the placental barrier and become fixed in the skeleton and other 
organs. It is presumed that exposure of this type may in the early stages of the growing em- 
bryo resemble whole body exposure. 






2.68 Effects of irradiation on postnatal development are also described. Although it is 
known that regeneration and repair processes are sensitive to radiation, more quantitative 
studies under conditions of whole or partial body exposure are needed. In rats, quantitative 
studies show that growth in body weight is decreased as a result of about 24 r per week whole 
body irradiation. Localized irradiation of the epiphysis of bones at high doses in humans and 
animals will cause measurable shortening of the bones. Studies on children exposed to the 
atomic bomb in Japan indicate that there may be depression of growth rates after irradiation 
as has been observed in animals. However, little is known in either animals or humans of the 
after-effects of whole or partial body irradiation in the young in comparison to mature ani- 
mals, and of the subtle changes induced in their physiological efficiency. 





Skin Effects 










2.69 Knowledge of effects to the skin of localized exposure to radiation of low penetrating 
power has accumulated since the discovery of x-rays. The early promulgation of a "tolerance 
dose" of x-radiation was established by quantitating skin reactions (erythema) with dose. 
Among early radiologists the chronic radiation produced erythema, dermatitis, and skin can- 
cers. Under modern practices, these conditions should no longer be seen. 


Eye Effects 









2.70 Injury to the lens serves as a sensitive detecting index of the effect of radiation on 
the eye. Lens opacities (cataracts) have occurred following exposure of the eye in animals 
(exposed to neutrons and x-rays), and cyclotron workers, nuclear physicists, and Japanese 
survivors at Hiroshima and Nagasaki. In man, the minimal single dose producing cataracts 
is estimated to be approximately 200 rads acute exposure of x- or gamma-rays. In animals 
the production of cataracts depends on the age and health of the animal, the exposed lens area, 
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and the RBE of the source of radiation. There are no quantitative dose-effect data relating 


the incidence of cataracts late in life in humans or animals to the acceleration of aging proc- 
esses. 


Summar 


1. Acute doses of radiation may produce immediate or delayed effects, or both. 


2. As acute whole body doses increase above approximately 25 rems (units of radiation 
dose), immediately observable effects increase in severity with dose, beginning from barely 


detectable changes, to biological signs clearly indicating damage, to death at levels of a few 
hundred rems. 


3. Delayed effects produced either by acute irradiation or by chronic irradiation are simi- 


lar in kind but the ability of the body to repair radiation damage is usually more effective in 
case of chronic than acute irradiation. 


4. The delayed effects from radiation are in general indistinguishable from familiar patho- 
logical conditions usually present in the population. 


5. Delayed effects include genetic effects (effects transmitted to succeeding generations), 
increased incidence of tumors, life span shortening, and growth and development changes. 


6. The child, the infant, and the unborn infant appear to be more sensitive to radiation than 
the adult. 


7. The various organs of the body differ in their sensitivity to radiation. 


8. Although ionizing radiation can induce genetic and somatic effects (effects on the individ- 
ual during his lifetime other than genetic effects), the evidence at the present time is insuffi- 
cient to justify precise conclusions on the nature of the dose-effect relationship especially at 
low doses and dose rates. Moreover, the evidence is insufficient to prove either the hypoth- 


esis of a “damage threshold" (a point below which no damage occurs) or the hypothesis of "no 
threshold" is man at low doses. 


9. If one assumes a direct linear relation between biological effect and the amount of dose, 
it then becomes possible to relate very low dose to an assumed biological effect even though it 


is not detectable. It is generally agreed that the effect that may actually occur will not exceed 
the amount predicted by this assumption. 
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Il. SOURCES OF RADIATION EXPOSURE 


3.1 For convenience, the exposure of persons to radiation will be divided intothree classes: 
(a) exposures from natural sources; (b) exposures from man-made sources other than environ- 
mental sources; and (c) exposures from environmental contamination. Where data. are availa- 
ble, the exposures of various critical portions of the body are indicated separately. Of special 
interest are the gonadal dose because of its genetic significance and the bone marrow dose be- 
cause of possible leukemogenesis. Therefore, the following discussions center their attention 
on the genetically significant and bone marrow doses as examples of the general problem. 


Natural Sources 


3.2 Table 3.1 lists the doses received by persons in the United States from natural sources. 
The principal exposures from radiation sources outside of the body (external sources) and from 
sources inside of the body (internal sources) are listed separately. 


3.3 The dose from cosmic rays for 38 principal cities in the United States was determined 
from data on the variation of cosmic ray dose with altitude! (Solon et al--1959). As most of the 
large centers of population are near sea level, the mean dose to the population of the United 
states from cosmic rays is nearer the lower than the upper limit. 


3.4 The dose from terrestrial external gamma rays was estimated by subtracting the cos- 
mic ray component from measurements of the sum of the two components (Solon et al, 1959) 
and applying an approximate correction (0.6) for the average shielding of the outer tissues of 
the body. The resulting range of values includes mean values for 38 of the principal cities of 
the United States. However, it should be noted that doses obtained at different locations within 
a city varied in several cases by a factor of 2 or 3 for the limited data available. In part, this 
may be due to shielding of heavy structures or the proximity of structures whose building 
materials contained small quantities of gamma emitting nuclides. 


3.5 When doses from internal sources are added, it appears (Table 3.1) from the limited 
data available that the radiation dose to soft tissue from all natural sources varies by at least 
a factor of Z in the United States. 


Man-Made Sources Other Than Environmental Contamination 


3.6 Exposure of persons to man-made radiation other than environmental contamination 
arises principally from (1) exposures received during medical procedures, (2) exposures re- 
ceived by radiation workers during their working hours, (3) exposures to persons in the vicin- 
ity of medical and industrial radiation sources (environs), and (4) exposure produced by other 
sources, such as radium dialed watches, television sets, etc. Table 3.2 summarizes the esti- 
mated per capita mean marrow doses and genetically significant doses to the population from 
man-made sources other than environmental contamination. The per capita dose is the sum of 
all of the doses received by the population divided by the number of individuals in the popula- 
tion. The annual genetically significant dose to the population is the average of the gonadal 
doses received by the individuals each weighted for the expected number of children to be con- 
ceived subsequent to the exposure. 


3.7 For the occupational exposure it is assumed that as much as a half of one per cent of 
the population might be exposed in the future to as much as an average annual dose of 4 rems. 
Both estimated figures are high because the fraction of the population occupationally exposed to 


‘Variation of the dose from cosmic rays with latitude is small compared to that with alti- 
tude. 
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radiation and the annual dose they receive at the present time is considerably less than that 
assumed in Table 3.2. There are presently only about 66,000 radiation workers out of a total 
employment approximating 120,000 in the Atomic Energy Conimission and its contractors (see 
Table 5.1) and perhaps 250,000 persons occupationally exposed to x-rays in medical applica- 
tions. Persons in these two areas plus the industrial radiography field probably do not consti- 
tute more than 0.2 per cent of the population at the present time. Morgan (1959) indicates that 
the average annual exposure of radiation workers at Oak Ridge National Laboratory is 0.4 r, 
and at Hanford, 0.2 r (see Table 5.1). In the fields of medical applications and industrial radi- 
ography, the annual doses received by most radiation workers falls within the range of 0.5 to 5 
rems. Most of them probably receive doses in the lower half of this range but a few possibly 
receive more than 5 and some less than 0.5 rems. Thus, the average annual dose for all 


radiation workers is probably much less than the 4 rems assumed for the calculation at the 
present time. 


3.8 For exposure of persons in the environs it is assumed that one per cent of the popula- 
tion might be involved and they would have an annual dose of as much as 0.5 rems. This 
assumption concerning per capita dose from the exposure of environs is probably larger than 
will be obtained in the foreseeable future. The fraction of the population assumed is quite 
large and it is unlikely that the average individual will receive as much as 0.5 rem per year. 


3.9 Unfortunately, there are no data on the mean marrow dose from medical therapy, but 
it is obvious that diagnostic x-rays contribute considerably to the total exposure from man- 
made sources other than environmental contamination. While diagnostic x-rays are an im- 
portant clinical tool, the practitioner of the healing arts should always attempt to balance the 
risk against the gain for each exposure. He should also assure himself that the most modern 
techniques are being used in order that the dose is reduced as much as practicable. Current 
recommendations of the NCRP (H54, 1954 and H60, 1955) indicate methods by which the gonadal 


dose can be minimized. If these recommendations are observed the bone marrow dose will 
also be minimized. 


Man-Made Environmental Contamination 


3.10 Sources of environmental contamination may result from fallout after the explosion of 
nuclear devices and during the use and processing of fuels for reactors. There are other 
sources which contribute relatively smaller amounts to environmental contamination. 


3.11 Environmental contamination from fallout has received considerable attention over the 
past decade. When there is a nuclear explosion in the megaton range, the gases cool so slowly 
that a major portion of the fission products enter the stratosphere where they are distributed 
widely. Some fission products drift back into the troposphere before losing their radioactivity 
and are deposited in patterns which depend at least in part upon meteorological conditions. 
This final fallout, however, takes a long time to drift back to earth so that the fission products 
from this stratospheric source consist mainly of the long-lived nuclides. For nuclear explo- 
sions in the kiloton range, the heat of the fireball is considerably less so that the fission prod- 
ucts do not reach the stratosphere but stay in the troposphere. About half of the radioactive 
material from the troposphere comes back to the earth in about three weeks and most of the 
fallout reaches the earth in about three months (UNSCEAR p. 99, 1958). From such a fallout, 
many of the nuclides are of short half-life. 


3.12 According to reported estimates,? the genetically significant per capita dose in the 
United States from both external and internal radiation from fallout of cesium~-137 will be about 
53 millirem in 30 years providing nuclear weapons testing in the atmosphere is not resumed 
after the cessation at the end of 1958. It was also reported that the per capita mean marrow 
dose in the United States would be, under the same conditions, about 331 millirem in 70 years 
from cesium-137 and strontium-90. For continued testing at the same rate as in the previous 
S years, it was estimated that the above numbers should be multiplied by a factor of 8. Other 
estimates (UNSCEAR 1958 and Feeley 1960) are somewhat lower. 


2w. Langham and E. C. Anderson, Fallout from Nuclear Weapons Tests, Hearings of the Joint 
Committee on Atomic Energy, Congress of the United States, May 1959, p. 1061 ff. 
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3.13 Under normal operating conditions, most industries in the nuclear engineering field, 
including the use of reactors, do not now release activity which will give significant contribu- 
tions to the population dose. 


3.14 It is usually considered very unlikely that the core of a reactor would melt down acci- 
dentally and release fission products. This possibility, however remote, is considered in 
designing a reactor. Modern reactors are designed with a containment shell which would per- 
mit only a very small portion of the fission products, from a melt-down, to contaminate the 
environment. However, according to the best engineering estimates, this and other contain- 
ment provisions will not trap all of the activity. An additional major reduction in the activity 
released by the shell would substantially increase the cost of the reactor. 


3.15 Plants used for the processing of spent fuel elements have a larger potential for con- 
taminating the environment. Here the fuel element is dissolved and the radioactive material is 
liberated from the fuel element. However, the amount of material treated at any one time is 
much less than the material present in a reactor. In this process, fission product gases, such 
as radioactive iodine, bromine, xenon, and krypton are released from the fuel element. Most 
of the other radionuclides remain in the solutions. Some nuclides, such as cesium-137 and 
strontium-90, may be separated out for other uses. The remainder of the radionuclides are 
now stored in huge tanks. Such storage is, of course, expensive. 


Summary 


3.16 From a limited survey it appears that the human annual gonadal, soft tissue, and bone 
marrow doses from natural sources may be from 80 to 170 millirem (see Table 3.1). 


3.17 The estimated annual genetically significant dose from all man-made sources except 
environmental contamination probably is about 80 to 280 millirem. The per capita annual mean 
marrow dose is probably greater than 100 millirem, although no data are available on the con- 
tribution from medical radiation therapy. The genetically significant dose and the mean mar- 
row dose are each of the order of the dose received from natural sources. Diagnostic x-rays 
provide a substantial contribution to these totals (see Table 3.2). 


3.18 It has been estimated® that fallout will contribute about 53 millirem to the genetically 
significant per capita dose of the population in 30 years if nuclear weapons testing in the 
atmosphere is not resumed after the cessation at the end of 1958. If testing were to continue at 
the same rate as in the previous 5 years, it was estimated that the above number should be 
multiplied by a factor of 8. The estimated corresponding per capita mean marrow doses for 
70 years are 331 millirem and 2648 millirem respectively. 


3.19 Under normal operating conditions, most industries in the nuclear engineering field, 
including the use of nuclear power plants do not now release activity which will give a signifi- 
cant contribution to the population dose. 


3¥. Langham and E. C. Anderson, Fallout From Nuclear Weapons Tests, Hearings of the Joint 
Comittee on Atomic Energy, Congress of the United States, May 1959, p. 1061 ff. 
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TABLE 3.1 


ANNUAL RADIATION DOSES! FROM NATURAL SOURCES 





Irradiation Millirem 


By external sources: 
Cosmic rays 
Terrestrial gamma rays 
By internal sources: 
K40 


1Doses to the gonads and other soft tissue including bone marrow. 

2Report of United National Scientific Commission on the Effects of Atomic Radiation 
(UNSCEAR, p. 58, 1958). 

3Unconfirmed research of Muth et al, Brit. J. of Radiol. Suppl. No. 7, 1957, indicates that 
the dose may be of the order of 2 millirem per year to the gonads and 5 to 15 millirem per 
year to other soft tissue. 

4The lungs may receive an additional dose of from 125 to 1570 millirem per year from radon 
given off by building structures. The spread is caused by variations in ventilation and differ- 
ences in building materials (UNSCEAR, p. 58, 1958). 


TABLE 3.2 


ESTIMATED EXPOSURE FROM MAN-MADE SOURCES (OTHER THAN 
ENVIRONMENTAL CONTAMINATION)! 





Average annual genetic- Per capita annual 


mean marrow dose 


Irradiation | ally significant dose 
to the population 


(millirem) (millirem) 
Medical (exposure of patients): 
2 340-240 450-100 
Not available 





1Fallout from tests of nuclear weapons is not included (see sub-section on environmental 
contamination). 

2International Commission on Radiological Protection (ICRP) and International Commission 
on Radiological Units and Measurements (ICRU) Joint Study Group Report. Physics in Med. and 
Biology, 2 107 (1957). 

3These are probable values. 

4Report UNSCEAR, p. 66. 

SClark, S. H., Bull. of the Atomic Scientists 12 14 (1956). The 12 millirem per year may be 
an underestimate because patients treated for malignances are not included. Martin (1958), 
who assumed that these patients might procreate after treatment, obtained a value of 28 for 
Australia. 


®Report of UNSCEAR, p. 11. 
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SECTION IV.—THE DERIVATION OF RADIATION PROTECTION STANDARDS 





4.1 Shortly after the discovery of x-rays and natural radioactivity in the late 19th century, 
it became apparent that exposure to sufficiently large doses could produce both acute mani- 
festations and serious later sequelae in man. Based on relatively limited observations on a 
rather small number of individuals, attempts were made to define a level at which these obvi- 
ous deleterious effects would not be seen. With increasing scientific knowledge, based on ob- 
servations of larger numbers of individuals and laboratory animals and a better understanding 
of radiation damage, these suggested levels have undergone continuous downward revision. 

For some time, however, the underlying basic philosophy remained unchanged, and radiation 
protection standards were based on the premise that there was a dose ("tolerance dose") be- 
low which damage would not occur. The validity of this basic assumption was subject to in- 
creasing question, first in the field of genetic damage, and later in connection with somatic ef- 
fects. Thus, by 1954, the National Committee on Radiation Protection and Measurements in- 
cluded the following statement in Handbook 59 (NCRP, H59, 1954): 


“The concept of a tolerance dose involves the assumption that if the dose is lower than a 
certain value—the threshold value—no injury results. Since it seems well established that 
there is no threshold dose for the production of gene mutations by radiation, it follows that 
strictly speaking there is no such thing as a tolerance dose when all possible effects of 
radiation on the individual and future generations are included..." and"... the concept 
of a permissible dose envisages the possibility of radiation injury manifestable during the 
lifetime of the exposed individual or in subsequent generations. However, the probability 
of the occurrence of such injuries must be so low that the risk would be readily acceptable 
to the average individual. Permissible dose may then be defined as the dose of ionizing 
radiation that, in the light of present knowledge, is not expected to cause appreciable 
bodily injury to a person at any time during his lifetime. As used here, ‘appreciable bodily 
injury’ means any bodily injury or effect that the average person would regard as _ being 
objectionable and/or competent medical authorities would regard as being deleterious to 
the health and well-being of the individual. . .” 


4.2 With the accumulation of even more quantitative information concerning radiation ef- 
fects in both animals and humans, and some increased understanding of the mechanisms of 
radiation injury, the possibility that somatic effects as well as genetic effects might have no 
threshold appeared acceptable, as a conservative assumption, to increasing numbers of 
scientists. In discussing its recommendations for additional downward revision of the maxi- 
mum permissible occupational radiation exposure, the NCRP in 1958 stated (2): 


“The changes in the accumulated MPD (maximum permissible dose) are not the result 
of positive evidence of damage due to the use of earlier permissible dose levels, but 
rather are based on the desire to bring the MPD into accord with the trends of scientific 
opinion; it is recognized that there are still many uncertainties in the available data and 
information... ,' and, ‘The risk to the individual is not precisely determinable but, how- 
ever small, it is believed not to be zero. Even if the injury should prove to be proportion- 
al to the amount of radiation the individual receives, to the best of our present knowledge, 
the new permissible levels are thought not to constitute an unacceptable risk..." 


4.3 Thus, over the past decade or two, there has been an increasing reluctance on the 
part of knowledgeable scientists to establish radiation protection standards on the basis of the 
existence of a threshold for radiation damage and on the premise that this threshold lies not 
too distant from the point at which impairment is detectable in an exposed individual. Al- 
though many scientists are prepared to express individual opinions as to the likelihood that a 
threshold does or does not exist, we believe that there is insufficient scientific evidence on 
which to base a definitive conclusion in this regard. Therefore, the establishment of radiation 
protection guides, particularly for the whole population, should take into account the possi- 
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bility of damage, even though it may be small, down to the lowest levels of exposure. This in- 
volves considerations other than the presence of readily detectable damage in an exposed in- 
dividual. It also serves as a basis for such fundamental principles of radiation protection as: 
there should not be any man-made radiation exposure without the expectation of benefit result- 
ing from such exposure; activities resulting in man-made radiation exposure should be author- 


ized for useful applications provided the recommendations set forth in this staff report are fol- 
lowed. 


4.4 If the presence of a threshold could be established by adequate scientific evidence, and 
if the threshold was above the background level and sufficiently high to represent a reasonable 


working level, a relatively simple approach to the establishment of radiation standards would 
be available. 


4.5 On the assumption that there is no threshold, every use of radiation involves the pos- 
sibility of some biological risk either to the individual or his descendents. On the other hand, 
the use of radiation results in numerous benefits to man in medicine, industry, commerce, and 
research. If those beneficial uses were fully exploited without regard to radiation protection, 
the resulting biological risk might well be considered too great. Reducing the risk to zero 
would virtually eliminate any radiation use, and result in the loss of all possible benefits. 


4.6 It is therefore necessary to strike some balance between maximum use and zero risk. 
In establishing radiation protection standards, the balancing of risk and benefit is a decision 
involving medical, social, economic, political, and other factors. Such a balance cannot be 
made on the basis of a precise mathematical formula but must be a matter of informed judg- 
ment. 


4.7 Risk can be evaluated in several different ways before it is balanced against benefit. A 
logical first step is the identification of known or postulated biological effects. The uncertain- 
ty of our present knowledge is such that the biological effects of any given radiation exposure 
cannot be determined with precision, so it is usually necessary to make estimates with upper 
and lower limits. 


4.8 It is helpful to compare radiation risk to other known hazards in order to maintain per- 
spective or a sense of proportion with respect to the risk. For example, attempts have been 
made to compare the relative biological risks of various radiation exposure levels to such 
other industrial hazards as traumatic injuries and to toxic agents employed in industrial proc- 
esses. Likewise, the possible hazards from various radiation levels have been reviewed in 
relation to such everyday risks to the general population as the operation of motor vehicles, 


the possibility of home accidents, and the contamination of our environment with industrial 
wastes. 


4.9 Effects can also be evaluated in terms of the normal incidence of disease conditions 
usually present in the population which may also be caused by radiation. In a given instance, 
the portion of the total number of cases of a given disease which might be attributed to radia- 
tion may be quite small. Therefore, the significance of a given radiation exposure can appear 
superficially to be quite different depending upon whether the data are expressed in terms of 
the absolute numbers of cases of a given condition which will possibly result, or be expressed 
as percentages of the normal incidence. However, it is extremely difficult to assign any 
numerical value to the increase which should be permitted in a given abnormal condition. It is 
also important to remember that at the present time, any numerical predictions of the number 
or percentage increase in any given condition anticipated as a result of radiation exposure are 
based on inadequate data and have extremely limited reliability, even though upper and lower 
limits can be stipulated. 


4.10 The biological risk attributable to man-made radiation may also be compared with 
that from natural sources. This approach is also important in maintaining perspective. Man 
and lower forms of life have developed in the presence of such natural sources in spite of any 
radiation damage that may have been present. Perhaps one of the more important advantages 
to this approach is that it makes due allowance for qualitative as well as quantitative ignorance 
of yet unrecognized radiation effects, if such exist. Weighing for various somatic as well as 
genetic effects is also inherently included. It automatically includes a consideration of the 
largest body of human and subhuman data on radiation effects. One disadvantage is the degree 
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of conservatism introduced by this approach, since it is likely that only a small fraction of 
the total incidence of disease results from background radiation. 


Summar 


4.11 Two factors need to be considered in the formulation of radiation protection stand- 
ards: biological risk, and the benefits to be derived from radiation use. Maximum benefits 
cannot be obtained without some risk, and risk cannot be eliminated without foregoing bene- 
fits. Therefore some balance must be struck between risk and benefit. 


4.12 Since an accurate delineation of risk is impossible, a number of approaches can use- 
fully be employed to aid in the evaluation of risk, and to put risk in reasonable perspective. 
Each has merit, but such approaches are not mutually exclusive and should be used in com- 
bination. An evaluation of benefits in addition to an evaluation of risk is also necessary. 
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SECTION V.—BASIC GUIDES 


5.1 The philosophical bases for derivation of radiation protection standards have been dis- 
cussed in Section IV, with the conclusion that they are not mutually exclusive, and that consid- 
eration should be given to all in the final selection of numerical values. We believe, however, 
that there are reasons why the relative emphasis placed on the various bases may appropriate- 
ly be different for the radiation worker and the general population. Additionally, there appear 
to be a number of reasons why the exposure to the general population should be less than that 
for occupationally exposed groups. For example: 


(1) There is reason to believe that the child and the infant may be particularly sensi- 
tive to radiation damage. Children and infants are not included in occupationally exposed 
groups. 


(2) The number of years of exposure to radiation in the course of employment will be 
less than the average total life span. Therefore, the total accumulated dose will be less for an 
individual exposed only during a working life than for an individual exposed at the same level 
from birth through a normal life span to death. 


(3) There is considerable evidence that, at least for certain effects, there is a latent 
period between the time of exposure and the time at which effects are first detectable. The ef- 
fects of exposure late in life may not become manifest during the normal remaining life span. 
Whereas, the effects of exposure early in life may well become manifest during the longer re- 
maining life span. 


(4) Industrial workers undergo at least some degree of preplacement selection. It is 
thus possible to exclude from exposure those individuals with intercurrent disease who might 
be more susceptible to injury. 


(5) Insofar as an individual has a choice of occupations, there is, at least in principle, 
a voluntary acceptance of the small risk potentially involved. 


(6) Considerations of population genetics make it desirable to limit gonadal exposure 
of the whole population. 


Radiation Protection Guides for the General Population! 


5.2 We believe that the current population exposure resulting from background radiation is 
a most important starting point in the establishment of Radiation Protection Guides for the gen- 
eral population. This exposure has been present throughout the history of mankind, and the 
human race has demonstrated an ability to survive in spite of any deleterious effects that may 
result. Radiation exposures received by different individuals as a result of natural background 
are subject to appreciable variation. Yet, any differences in effects that may result have not 
been sufficiently great to lead to attempts to control background radiation or to select our en- 
vironment with background radiation in mind. 


5.3 On this basis, and after giving due consideration to the other bases for the establish- 
ment of Radiation Protection Guides, it is our basic recommendation that the yearly radiation 
exposure to the whole body of individuals in the general population (exclusive of natural back- 
ground and the deliberate exposure of patients by practitioners of the healing arts) should not 
exceed 0.5 rem. We note the essential agreement between this value and current recommen- 
dations of the ICRP and NCRP. It is not reasonable to establish Radiation Protection Guides for 
the population which take into account all possible combinations of circumstances. Every rea- 
sonable effort should be made to keep exposures as far below this level as practicable. Simi- 


*See Section VII for applicability of these guides. 
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larly, it is obviously appropriate to exceed this level if a careful study indicates that the prob- 
able benefits will outweigh the potential risk. Thus, the degree of control effort does not de- 
pend solely on whether or not this Guide is being exceeded. Rather, any exposure of the popu- 
lation may call for some control effort, the magnitude of which increases with the dose. 


5.4 Under certain conditions, such as widespread radioactive contamination of the environ- 
ment, the only data available may be related to average contamination or exposure levels. 
Under these circumstances, it is necessary to make assumptions concerning the relationship 
between average and maximum doses. The Federal Radiation Council suggests the use of the 
arbitrary assumption that the majority of individuals do not vary from the average by a factor 
greater than three. Thus, we recommend the use of 0.17 rem for yearly whole-body exposure 
of average population groups. (It is noted that this guide is also in essential agreement with 
current recommendations of the NCRP and the ICRP.) It is critical that this guide be applied 
with reason and judgment. Especially, it is noted that the use of the average figure, as a sub- 
stitute for evidence concerning the dose to individuals, is permissible only when there is a 
probability of appreciable homogeneity concerning the distribution of the dose within the popu- 
lation included in the average. Particular care should be taken to assure that a disproportion- 
ate fraction of the average dose is not received by the most sensitive population elements. 
Specifically, it would be inappropriate to average the dose between children and adults, espe- 
cially if it is believed that there are selective factors making the dose to children generally 
higher than that for adults. 


5.5 When the size of the population group under consideration is sufficiently large, consid- 
eration must be given to the contribution to the genetically significant population dose. The 
Federal Radiation Council endorses in principle the recommendations of such groups as the 
NAS-NRC, the NCRP, and the ICRP concerning population genetic dose, and recommends the 
use of the Radiation Protection Guide of 5 rem in 30 years (exclusive of natural background and 
the purposeful exposure of patients by practitioners of the healing arts) for limiting the aver- 
age genetically significant exposure of the total U. S. population. The use of 0.17 rem per 
capita per year, as described in paragraph 5.4 as a technique for assuring that the basic Guide 
for individual whole body dose is not exceeded, is likely in the immediate future to assure that 
the gonadal exposure Guide is not exceeded. The data in Section III indicates that allocation of 
this population dose among various sources is not needed now or in the inimediate future. 


Radiation Protection Guides for Occupational Exposure? 3 


5.6 Extrapolation from experience with background radiation to the exposure of the rela- 
tively small percentage of the population in the radiation industry is rather unsatisfactory. 
The difficulties inherent in a careful mathematical balancing of the biological risk against the 
total gain have been outlined previously. It is possible to estimate the maximum biological 
damage which could be reasonably expected to result from a given radiation exposure. Using 
such estimates, a numerical value can be selected at which the radiation risk appears so small 
as to be justified by even a relatively minor benefit. The NCRP recommends that, for occupa- 
tional exposure, the radiation dose to the whole body, head and trunk, active blood forming or - 
gans, or gonads, accumulated at any age, shall not exceed 5 rems multiplied by the number of 
years beyond age 18, and that the dose in any 13 consecutive weeks shall not exceed 3 rems. 
The Federal Radiation Council agrees with the opinion of the NCRP that this dose of ionizing 
radiation is not expected to cause appreciable body injury to a person at any time during his 
lifetime. Thus, while the possibility of injury may exist at this dose, the probability of detect- 
able injury is almost certain to be extremely low. Even the use of the more pessimistic as- 
sumptions would indicate that the small risk involved is acceptable if the gain is of any signif- 
icance. Fortunately, this level also appears to be one which is not unduly restrictive in ordi- 
nary working circumstances. 
’ §.7 There will be individual circumstances under which compliance with this guide would 
not be feasible. For example, accidents will occur, but the dose received will usually be de- 


*See Section VII for applicability of these guides. 
7In the formulation of Radiation Protection Guides for occupational exposure, special con- 


Sideration has not been given in this staff report to the possible existence of pregnancy 
among female workers. 
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termined by the nature and conditions of the accident and consequently, the dose does not lend 
itself to prior planning. In addition to accidents, emergency situations will almost certainly 
arise, but here too, the dose should be determined by the nature of the emergency. 


5.8 It is recognized that, even though small, there is a possibility of biological damage to 
the individual or his progeny from exposures of less than 5 rem per year. For this reason, 
radiation exposures should always be maintained at the minimum practicable level. Thus, it 
seems inadvisable to expose man to radiation if no benefit is anticipated. 


5.9 It is to be noted that these recommendations are expressed in terms of rem. While the 
rad is the basic unit in physical dosimetry, some adjustment for the relative damage produced, 
even in the same individual, by one rad of gamma-rays as compared to one rad of alpha-rays, 
for example, must be included. (For a definition of terms and a list of RBE conversion fac- 
tors, refer to Section I.) Because the value for the RBE may change with newer scientific 
knowledge, and in view of the relative importance of the total accumulated dose throughout a 
worker's lifetime, agencies and departments may wish to consider the desirability of main- 
taining exposure records in such a fashion that recalculation of the accumulated dose in rem 
can be made at any time when changes in the RBE are justified. One technique would be to 


keep primary exposure records in terms of rads with a stipulation as to the type of radiation 
involved. 


5.10 One can examine the difficulties arising if the average yearly dose of 5 rems for oc- 
cupational exposure is increased or decreased. Immediately, it is seen from the information 
in Section II that one cannot increase this level by as much as a factor of 10 without materially 
increasing the possibility of biological harm, for this is close to the level at which biological 
damage has been observed (see paragraphs 6.18 and 6.19). 


5.11 Fortunately, it appears that there is no necessity for setting the level this high be- 
cause the doses actually received are generally much less at the preseu: time. It also appears 
that these recommended levels do not unduly restrict the beneficial use of radiation. In this 
connection, it is interesting to examine the distribution of doses received by radiation 
workers. Figure 5.1 shows the dose distribution for all AEC radiation workers. Each of these 
persons was supposed to receive less than 12 r yearly and not more than 5 r when averaged 
over a number of years. It appears that about 3 persons per 10,000 were involved in acci- 
dents, so they received more than 12 r. Only about 3 per 1,000 received more than 5 r and 
only about 1 per 100 received more than 3 r. Thus, if there is some assurance that those re- 
ceiving the high doses in any year are not those who receive them every year, the accumulated 


dose received by each worker during 50 years of radiation employment will be considerably 
less than 250 r or 50 x Sr. 


5.12 On the other hand, for economic and other operational reasons, one cannot set the 
level too low. This is not only because of the cost of extra radiation shielding and other radi- 
ation protection measures, but even more because of the difficulty of radiation measurements 
in regions where the radiation levels vary widely in both time and space. 


Measurability of External Exposure 


5.13 After the selection of Radiation Protection Guides, it is necessary to examine the 


numbers so selected for their measurability. Measurability here is used in the sense of both 
sample selection and sample measurement. 


5.14 The radiation worker who has a reasonable chance of receiving radiation as a result 
of his employment can be monitored essentially for the entire time he is on the job. There are 
instruments available to make measurements with acceptable precision and accuracy at the 
levels recommended in the Radiation Protection Guides. 


5.15 The problem of sampling the human population in the vicinity of an operation which 
might expose people to radiation may be a very simple one or @ very complex one depending on 
the operation and the distribution of people around the operation. The actual measurement of 
0.5 rem per year is usually a difficult one to make. This number is near or below the accura- 
cy level of many widely used monitoring instruments. It will take special methods on the part 
of the monitoring group to measure this number with sufficient accuracy. 
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Organ Doses 


5.16 The recommendations of this staff report include (paragraph 7.10) recommendations 
for organ doses to the radiation worker which are believed to carry a biological risk not 
greater than that represented by 5 rem of whole body exposure. These organ doses may also 
represent a starting point for the derivation of Radioactivity Concentration Guides for the 
worker. 


5.17 The establishment of individual organ doses for the general population involves addi - 
tional considerations which preclude the possibility of relating them to the Guides for the radi- 
ation worker by a simple mathematical relationship that is applicable to all situations. An ex- 
tension of the recommendations contained in this document in order to provide guidance in the 
derivation of Radioactivity Concentration Guides for the population is recognized as an impor - 
tant responsibility of the Federal Radiation Council. The complexities are such that a detailed 
study is required. In order to make our basic recommendations known as soon as possible, it 
was deemed advisable not to delay the release of our initia] recommendations pending the 
completion of our studies of this and certain other important problems. It appears that there 
will be no undue risk nor undue hardship if the Federal agencies and departments continue 


their present practices concerning organ doses for the general population during this interim 
period. 


Summary 


5.18 -It appears feasible to establish a Radiation Protection Guide for the general population 
with primary relationship to background radiation levels. For radiation workers a Guide can 
be established which appears to be generally practicable in its application, and for which even 
pessimistic predictions of biological damage would be so small as to warrant acceptance if any 
appreciable benefit results. 


5.19 It is not reasonable to establish Radiation Protection Guides which take into account 
all possible combinations of circumstances. Every reasonable effort should be made to keep 
exposures below any level selected. Similarly, it is obviously appropriate to exceed the level 
if careful study indicates that the probable benefits will outweigh the potential risk. Thus, the 
degree of control effort does not depend solely on whether or not this Guide is being exceeded. 
Rather, any exposure may call for some control effort, the magnitude of which increases with 
the dose. 


5.20 There are many pertinent reasons why the Radiation Protection Guide for the general 
population should be lower than that for the radiation worker. Although it is feasible to mon- 
itor essentially all exposure to radiation workers, a similar approach to exposure of the gen- 
eral population is not generally feasible. As an operational technique, where the individual 
whole body doses are not known, a suitable sample of the exposed population should be devel- 
oped whose protection guide for annual whole body dose will be 0.17 rem per capita per year. 
It is emphasized that this is an operational technique which should be modified to meet special 
situations. 


5.21 The complexities of establishing guides applicable to radiation exposure of all body 
organs for the population preclude their inclusion in the staff report at this time. However, 


current concentration guides now used by the Federal agencies appear appropriate on an in- 
terim basis. 


“For one approach to this problem, see Recommendations of the International Commission on 
Radiological Protection, (Sept. 9, 1958), page 16, paragraph 68. 
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SECTION VI.—DERIVED GUIDES 


6.1 This section is concerned with the amount of radioactive material, depesited internal- 
ly in the body or its organs (“body burdens” and “organ burdens”), which results in a certain 
physical radiation dose; the amount of environmental contamination with radioactive material 
which produces a given body or organ burden (Radioactivity Concentration Guides); and ac- 
companying levels in the body excreta. 


Body and Organ Burdens 


6.2 Calculation of the physical dose delivered to a given mass of material as the result of 
homogeneous distribution of a known quantity of radioactive material throughout a volume is 
rather straight-forward, and can be made with considerable precision and accuracy. This 
statement is especially valid if the volume involved is in some standard geometric arrange- 
ment, such as a sphere. Similar calculations regarding the physical dose to all or a part of 
the human body as a result of radioactive material deposited within it will yield data which 
diverge from the true value for several reasons, including the following: 


(1) Distribution of the radioactive material may be nonhomogeneous because of se- 
lective distribution between organs or between portions of the same organ. For example, the 
thyroid gland has a high degree of selective uptake for radioactive iodine as compared to the 
body as a whole; various major portions of the same bone may contain differing amounts of 
radium, dependent, at least in part, upon relative growth rates. 


(2) At the microscopic level there may be a significant degree of nonhomogeneity 
of deposition. For example, not only will the radium content of various major portions of the 
bone differ, but within a single major portion different cells or groups of cells may contain 
widely differing quantities of radionuclides. Likewise, colloidal thorium oxide in the liver 


may concentrate almost entirely in certain types of cells, leaving other cell types essentially 
free of contamination. 


(3) The shape of the organ or whole body may differ from any simple geometric 
form. Few organs of the body are truly spherical, and the majority of body organs are not 
true simple geometric shapes, such as cylinders, cubes, and ellipsoids, 


6.3 With highly penetrating radiation, such as energetic gamma rays, the lack of homo- 
geneous distribution may introduce only a relatively small error, However, with radiations 
of very low penetrating power such as alpha emissions, nonhomogeneity can result in varia- 
tions by several orders of magnitude (factors of ten) among different cells in the same organ. 
With regard to the shape of body organs or the whole body, calculations are most often made 
on the basis of an idealized geometry; this simplification does not introduce serious errors 
into the calculations. For example, the variations introduced by considering a body organ as 
a sphere or a cylinder do not introduce errors which are significant compared to the lack of 
quantitative knowledge concerning biological effects of irradiation. 


6.4 Thus, for highly penetrating radiation the relatively straight-forward and comparative- 
ly simple calculation relating body or organ burden to physical dose provides relatively ac- 
curate answers. For less penetrating radiations such as beta rays, the distribution pattern 
becomes more important, but, giving due regard to this problem, the calculations should ordi- 
narily not err by orders of magnitude. With even less penetrating radiation such as alpha 
particles, however, the potential errors in the calculations are such as to make the answers 
clearly suspect. 


6.5 As an additional complication, assessment of the biological significance of internally 
deposited radioactive materials emitting particles with high linear energy transfer, such as 
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alphas, require the introduction of a factor for relative biological effectiveness. Thus, the 
computation of the body burden of beta or gamma emitting material which is biologically 
equivalent to a given amount of alpha emitting material is fraught with many pitfalls and in- 
accuracies. 


Radioactivity Concentration Guides 


6.6 The measurement of body burdens provides information regarding the extent to which 
an individual has accumulated radioactive materials. However, it is not always practical to 
monitor the body burdens resulting from environmental contamination solely by the use of 
direct measurements on the human body, its tissues, or excreta. Although certain supple- 
mental information can be obtained by monitoring the organ and body burdens of animals, this 
approach also has significant practical limitations. Furthermore, it is usually desirable to 
predict the significance of environmental contamination without waiting until it has accumu- 
lated in humans or animals. 


6.7 For these reasons, direct data on the levels of environmental contamination are being 
collected, and it is necessary to have guides or benchmarks against which these environmental 
contamination levels can be evaluated. The National Committee on Radiation Protection and 
Measurements and its international counterpart have been publishing, for many years, tables 
of “maximum permissible concentrations" of radionuclides in air and in water for radiation 
workers. 


6.8 Our understanding of the basis used in the derivation of these values is: 


For the majority of radionuclides, the body burden which would result in a specified aver- 
age annual dose is calculated. The doses used for this purpose are 15 rems for most in- 
dividual organs of the body, 30 rems when the critical organ is the thyroid or the skin, and 
5 rems when the gonads or the whole body is the critical organ. For bone seekers, the es- 
timation is based on the deposition of radioactive material, the relative biological effective- 
ness, and a comparison of the effective energy release in the bone with the effective energy 
release from a body burden of 0.1 microgram of radium-226 plus daughters. According to 
certain calculations, this bone limit may correspond to approximately 30 rems per year. 
However, the difficulties inherent in estimating the physical dose to organs from alpha 
emitting isotopes, together with the relatively large amount of direct information on the 
biological effects of various body burdens of radium, have-led the NCRP to use this basis 
for its recommendations. Once the "permissible body burden" has been decided upon, cal- 
culations are made as to the daily intake which, continued over a 50-year period, would not 
result in an accumulation greater than the permissible body or organ burden. (COMMENT: 
It is to be noted that the limiting factor is a maximum annual dose rate by the end of the 
period of exposure. Within this limitation there can be differences in the total accumulated 
dose depending upon the time taken for the isotope to reach an equilibrium concentration in 
the body. For example, with the same maximum dose rate, the total accumulated dose with 
a short half-life bone-seeker could be approximately twice the accumulated dose from a 
long half-life bone-seeker.) While biological data are introduced where available, the ba- 
sis of much of these calculations is the so-called "standard man" which provides represent- 
ative constants for the many variables involved. With regard to the determination of per- 
missible intake by ingestion, among the variables involved are: 


(1) The fraction of the ingested material which is absorbed into the blood from the 
gastro-intestinal tract. (COMMENT: Even for a given radionuclide, this may be quite 
variable depending upon the individual, the chemical form in which the radionuclide is 
present and its relative solubility, and the influence of other materials also present in the 
gastro-intestinal tract.) 


(2) The fraction of material present in the blood which becomes deposited in the 
critical organ. (COMMENT: Here again, there will be appreciable individual variations 
and, of course, major differences with various isotopes.) 


(3) Rate of uptake and the time of retention of the material in the critical organ. 
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6.9 Available biological data were utilized in the NCRP-ICRP computations whenever 
available. In many cases, the available data are extremely meager, and for certain isotopes, 
essentially nonexistent. Thus, there is a rather high degree of uncertainty in the calculation 
of permissible daily intakes, especially for the less adequately studied radionuclides. Even 
ignoring individual variability, estimates of permissible intakes of ingested radionuclides 
might vary by factors of 10 to 100 if all of the errors worked in one direction. This, however, 
is a rather unlikely situation and it appears from the rather meager direct data that, for in- 
gestion, the estimates may be correct within a factor of less than 10. 


6.10 Similar considerations are also involved for inhaled radioactive material, except that 
an estimate of the fraction of inhaled material which reaches the lungs and becomes absorbed 
into the blood stream is used, instead of the fraction absorbed from the gastro-intestinal tract 
for ingested material. Estimates and calculations of permissible intakes for inhalation appear 
much less reliable than for those for ingestion. This results primarily from our rather poor 
understanding of absorption from the lungs and such added complexities as the effect of parti- 
cle size. The possible errors with regard to inhaled radionuclides being greater than for in- 
gested radionuclides, it is possible that these intake values could be incorrect by even several 
orders of magnitude, especially if allowance is made for the existence of variations between 
individuals. 


6.11 Once the NCRP has determined "permissible daily intake" by ingestion or inhalation, 
"maximum permissible concentrations" in air and water are derived by assuming that the 
total daily intake of water is 2.2 liters and that the water is uniformly contaminated; and that 
the total breathing rate is 2 x 10? milliliters per 24 hours and the air is likewise uniformly 
contaminated. These give values for the "168-hour week" which are then adjusted upward 
by a factor of 3 for ingestion and a factor of 3 for inhalation to allow for the shorter time 
exposure involved in a 40-hour week. 


6.12 When lower Radiation Protection Guides are selected for the whole population as com- 
pared to the worker, this includes allowances for differential sensitivity between children and 
adults. However, in establishing Radioactivity Concentration Guides, consideration must also 
be given to the possibly different ratios of intake to uptake for adults and children. Whether 
this additional difference is sufficiently great to alter the final recommendation cannot be de- 
cided without thorough consideration of the specific radionuclide at hand. 


6.13 It is also important to note that guides for continuous exposure are not readily con- 
verted to guides for short-term exposure by any simple mathematical relationship appropriate 
to all radionuclides. ft is essential that detailed study of this problem be conducted as expedi- 
tiously and thoroughly as possible. 


6.14 Taking the above factors into account, attention is being given to the establishment of 
numerical values for Radiation Concentration Guides applicable to the general population for 
the radionuclides of immediate practical importance to whole population exposure. 


Determination of Body Burdens in the Intact Human 


6.15 Because of the many complications inherent in attempts to establish Radioactive Con- 
tamination Guides for the environment, attempts to determine body burden in the intact human 
have been made both as a control measure and as a technique for refinement of our knowledge 
regarding the relationship of intake to body or organ burdens. Historically, the quantitative 
determination of the radon content of the exhaled air has been used for decades as a technique 
for estimating the body burden of radium, the radioactive parent of radon. This particular 
technique has proved to be an extremely valuable one and the relationship has been substanti- 
ated by direct determination of the radium content of the skeleton of a few individuals. There 
are, however, relatively few radioactive materials which are deposited in body organs in a 
solid form and which decay to radioactive gaseous daughter products. 


6.16 An additional approach has been to determine the radioactive content of the urine and 
feces in order to provide data to estimate the body or organ burden. This approach eliminates 
many of the uncertainties involved in converting intake to uptake. It does not, however, pro- 
vide a direct answer as the excretion rate of any given radioactive material will vary between 
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individuals and within the same individual from time to time. An important limitation in this 
technique arises from the fact that the excreta will contain not only a portion of the radioac- 
tive material which truly represents the organ burden, but also additional amounts may be 
present as a result of excretion of radioactivity which is not fixed in the tissues. Thus, 
measurements of excreta are particularly unreliable at relatively short times after an ex- 
posure, or during a continuing exposure. Additionally, the amounts in the excreta will usually 
be only a very small fraction of the body burden, and thus the quantities involved at levels of 
interest may be so small as to require extremely sophisticated radiochemical analytical 
techniques. In spite of these limitations, the relative directness of this approach as compared 
to the estimation of human exposure by analysis of environmental samples has led to its prac- 
tical application in certain installations. It is to be noted, however, that the difficulties in the 
conduct of the procedures and interpretation of the data suggest that this method is not likely 
to be immediately useful for the study of problems related to exposure of large population 
groups. 


6.17 One other approach to the determination of body or organ burdens is the use of 
“whole-body counters."' This method can provide extremely useful information, but has sever- 
al important limitations: 


(1) The emissions of the radionuclide under consideration must have sufficient pene- 
trating power to pass through intervening body tissues. 


(2) The quantities involved must be sufficiently great to yield significant data in a 
reasonable period of time. 


(3) For detection of very low levels, the equipment needed and the capabilities re- 
quired for its operation can result in practical limitations when attempts are made to apply 
this technique to large numbers of people. 


Suitability and Measurability 


6.18 At the present time the serious gaps in knowledge which exist with regard to factors 
involved in the establishment of derived standards make them unsuitable as exact standards. 
Occasional short-term excesses should not be cause for undue concern. Meanwhile, major 
effort should be expended to determine the various unknowns, particularly those which relate 
intake to uptake in the body, with greater accuracy. 


6.19 It appears that techniques are available to detect and measure, with adequate accura- 
cy, environmental contamination near the levels currently recommended by the NCRP at least 
for several of the more important radionuclides. Such measurements are not necessarily 
simple or inexpensive, but should be within the competence of routine laboratories. However, 
the procedures involved may be sufficiently complicated that sampling on only a representa- 
tive portion of the environment is indicated. 


Atmospheric Contamination in Uranium Mines 


6.20 In addition to the current recommendations of the NCRP, the American Standards 
Association (ASA) has been active in the establishment of recommendations in this field con- 
cerning air contamination from radon and its daughter products. It appears that quite dif- 
ferent approaches are used by these two groups, and the apparent differences are not readily 
explainable on a simple basis. Rather, there are differences as to whether primary emphasis 
is placed on dose calculations or on direct biological evidence and operational considerations. 
These recommendations are expressed in terms of different radionuclides, so that direct 
numerical comparison is not easily done. It is not immediately apparent that the measure- 
ments actually taken in the mines are directly applicable to the NCRP standard. It does ap- 
pear prudent to assume, however, that significant numbers of individuals are being exposed 
to radiation in the mines that are in excess of the recommendations of either group. It is 
desirable, therefore, to make every reasonable attempt, on a continuing basis, to keep the 
exposures as low as practical. Reduction of the contamination to the recommended levels 
would be difficult and even unfeasible in some cases. 
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6.21 In the meantime, the exposed group is being kept under close medical surveillance. 
This program should be continued, and expanded if there appears to be any probability of 
securing additional significant information. In addition, major efforts should be made to 
better define the radionuclide of principal significance to this problem. 


Summary 


6.22 Reasonably accurate estimates can usually be made of the amount of internally de- 
posited radioactive material equivalent to any given dose to a critical organ of the body. 
However, the establishment of guides as to the amount of material which, when taken into the 
body, will yield such organ burdens is fraught with many uncertainties. Further extension 
of the estimation to indicate the equivalent amount of environmental contamination is even 
more uncertain. The potential errors are greater with inhaled contamination than with in- 
gested materials. Extension to individual portions of the environment further compounds the 
possible errors. The possibility of multiple radionuclides in the same critical organ must be 
considered, and appropriate allowances made to be certain that the total dose to that organ is 
not excessive. At the present time, it therefore does not seem appropriate to consider Radio- 
active Concentration Guides or other derived standards as anything more than guidance 
levels, to be applied with judgment and discretion. 


6.23 It is critical to note that no single standard is applicable to all situations. For ex- 
ample, the level at which the release of radioactivity from normal operations of a nuclear 
energy plant should be restricted might be quite different from the levels at which a food or 
milk supply is destroyed or discarded. 
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SECTION VII.—SUMMARY AND RECOMMENDATIONS 


7.1 To provide a Federal policy on human radiation exposure, the Federal Radiation Coun- 
cil was formed in 1959 (Public Law 86-373) to". . . advise the President with respect to radia- 
tion matters, directly or indirectly affecting health, including guidance for all Federal agencies 
in the formulation of radiation standards and in the establishment and execution of programs of 


cooperation with States ...." The present staff report is a first step in carrying out this 
responsibility. 


7.2 The scope of this staff report is limited to provide some basic radiation protection 
recommendations which are required. Some of these recommendations should be considered 
only of an interim nature. Periodic review will be necessary to incorporate new information 
as it develops. Only peacetime uses of radiation which affect the exposure of the civilian popu- 
lation are considered at this time. A further limitation of the staff report is that it does not 
consider the effects on the population arising from major nuclear accidents. Certain of the 
classes of radiation sources are now regulated by various Federal agencies. However, there 
are some which are not so regulated but which should be considered when dealing with the 
overall exposure of the population to radiation. Therefore, this staff report considers expo- 
sure of the population from all sources except those excluded above. 


7.3 Only that portion of the knowledge of the biologica! cffects of radiation that is signifi- 
cant for setting radiation protection standards is considered. Published information is sum- 
marized in this report; details may be obtained from reading the original documents. Among 


the items of most immediate interest to the establishment of radiation protection standards 
are the following: 


1. Acute doses of radiation may produce immediate or delayed effects. or both. 


2. As acute whole body doses increase above approximately 25 rems (units of radiation dose), 
immediately observable effects increase in severity with dose, beginning from barely 


detectable changes, to biological signs clearly indicating damage, to death, at levels of a 
few hundred rems. 


. Delayed effects produced either by acute irradiation or by chronic irradiation are similar 


in kind, but the ability of the body to repair radiation damage is usually more effective in 
the case of chronic than acute irradiation. 


. The delayed effects from radiation are in general indistinguishable from familiar path- 
ological conditions usually present in the population. 


. Delayed effects include genetic effects (effects transmitted to succeeding generations), 
increased incidence of tumors, life span shortening, and growth and development changes. 


. The child, the infant, and the unborn infant appear to be more sensitive to radiation than 
the adult. 


. The various organs of the body differ in their sensitivity to radiation. 


. Although ionizing radiation can induce genetic and somatic effects (effects on the individ- 
ual during his lifetime other than genetic effects), the evidence at the present time is in- 
sufficient to justify precise conclusions on the nature of the dose-effect relationship 
especially at low doses and dose rates. Moreover, the evidence is insufficient to prove 
either the hypothesis of a "damage threshold" (a point below which no damage occurs) or 
the hypothesis of ''no threshold" in man at low doses. 


. If one assumes a direct linear relation between biological effect and the amount of dose, 
it then becomes possible to relate very low dose to an assumed biological effect even 
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though it is not detectable. It is generally agreed that the effect that may actually occur 
will not exceed the amount predicted by this assumption. 


7.4 To clarify the most critical problem areas concerning quantitative relationships of the 
effects of irradiation on man, it is recommended that special attention be given to the following 
research efforts: 


. Increasing epidemiological studies on humans who have been exposed to radiation espe- 
cially in doses sufficient to offer some probability that deleterious effects can be found. 


. Continuing studies on the mechanism of radiation damage and of the interaction of radia- 
tion with matter at the cellular level and at the molecular level. 


. Studies designed to determine more adequately the relationship between damage and dose 
at low total dose and low dose rates. Included should be more precise information at 
higher levels from which the relationships at lower levels may be inferred. 


7.5 The various current sources of radiation exposure to the U. S. population are discussed 
in Section III. It should be noted that the radiation exposure to patients by practitioners of the 
healing arts is in the same order as natural background, when averaged over the population. 
The average exposure to the U. S. population from activities of the nuclear energy industry, 
under current practices, is less than that from background by a substantial factor. 


7.6 If the presence of a threshold for radiation damage could be established by adequate 
scientific evidence, and if this threshold were above the background level and sufficiently high 
to represent a reasonable working level, it would serve as a relatively simple basis for the 
establishment of radiation protection standards. However, with the accumulation of quantitative 
information concerning radiation effects in both animals and humans, and some increased 
understanding of the mechanisms of radiation injury, the possibility that somatic effects as 
well as genetic effects might have no threshold appeared acceptable, as a conservative assump- 
tion, to increasing numbers of scientists. On the basis of this conservative assumption, 
radiation protection standards must be established by a process of balancing biological risk 
and the benefits derived from radiation use. Such a balance cannot be made on the basis of a 
precise mathematical formula but must be a matter of informed judgment. Several approaches 
towards the evaluation of the risk are discussed in Section |V. These approaches, together with 
the evaluation of benefits and useful applications by the agencies, have been used in the formu- 
lation of the recommendations in this staff report. 


7.7 Under the working assumptions used, there can be no single “permissible” or "accepta- 
ble" level of exposure, without regard to the reasons for permitting the exposure. The radia- 
tion dose to the population which is appropriate to the benefits derived will vary widely de- 
pending upon the importance of the reason for exposing the population to a radiation dose. 

For example, once weapons testing in the atmosphere has taken place, the dose to be permitted 
in lieu of such alternatives as depriving the population of essential foodstuffs might also be 
quite different from levels used in the planning phases. As another example, for radiation 
workers, emergency situations will almost certainly arise which make exposures in excess of 
those applicable to normal operations desirable. 


7.8 Also, under the assumptions used, it is noted that all exposures should be kept as far 
below any arbitrarily selected levels as practicable. There should not be any man-made radiation 
exposure without the expectation of benefit resulting from such exposure. Activities resulting 
in man-made radiation exposure should be authorized for useful applications provided the 
recommendations set forth in this staff report are followed. Within this context, any numerical 
recommendations should be considered as guides, and the need is for a series of levels, each 
of which might be appropriate to a particular action under certain circumstances. 


7.9 The term "maximum permissible dose" is used by the NCRP and ICRP for the radiation 
worker. However, this term in often misunderstood. The words “maximum” and "permissible" 
both have unfortunate connotations not intended by either the NCRP or the ICRP. This report 
introduces the use of the term Radiation Protection Guide (RPG). This term is defined as, the 
radiation dose which should not be exceeded without careful consideration of the reasons for 
doing so; every effort should be made to encourage the maintenance of radiation doses as far 
below this guide as practicable. 
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7.10 There can, of course, be quite different numerical values for the Radiation Protection 
Guide, depending upon the circumstances. It seems useful, however, to recommend Guides 
which appear appropriate for normal peacetime operations. It is recognized that our present 
knowledge does not provide a firm basis within a factor of two or three for the selection of 
any particular numerical value in preference to another value. Nevertheless, on the basis set 
forth in Section V, the following Radiation Protection Guides are recommended for normal 
peacetime operations: 


Type of exposure Condition Dose! (rem) 
Radiation worker: 


(a) Whole body, head and trunk, Accumulated dose 5 times number of years 
active blood forming organs, beyond age 18 
gonads, or lens of eye. 13 weeks 2 


(b) Skin of whole body Year 30 
13 weeks 10 


(c) Hands and forearms, feet Year 75 
and ankles. 13 weeks 25 


(d) Body burden 0.1 microgram 
of radium-226 or its 
biological equivalent 


(e) Other organs Year 1S 
13 weeks 5 


Population? 
(a) IndividualS,................. seats Year 0.5 


(whole body) 


i A RINIER?.<uninssiieinibeasibed ‘i 30 years s 
(gonads) 


‘Minor variations here from certain other recommendations are not considered significant in 
light of present uncertainties. 


2See Section V for reasons why these values differ from those applicable to radiation 
workers. 


*See Paragraph 5.5 (1) for applicability of these levels. 


7.11 Recommendations are not made concerning the Radiation Protection Guides for indi- 
vidual organ doses to the population, other than the gonads. Unfortunately, the complexities of 
establishing guides applicable to radiation exposure of all body organs preclude their inclusion 
in the report at this time. However, current protection guides used by the agencies appear 
appropriate on an interim basis. 


7.12 These guides are not intended to apply to radiation exposure resulting from natural 
background or the purposeful exposure of patients by practitioners of the healing arts. 


7.13 The Federal agencies should apply these Radiation Protection Guides with judgment 
and discretion, to assure that reasonable probability is achieved in the attainment of the de- 
sired goal of protecting man from the undesirable effects of radiation. The Guides may be ex- 
ceeded only after the Federal agency having jurisdiction over the matter has carefully con- 
sidered the reason for doing so in light of the recommendations in this staff report. 


7.14 This staff report also introduces the term Radioactivity Concentration Guide (RCG) 
defined as: the concentration of radioactivity in the environment which is determined to result 
in organ doses equal to the Radiation Protection Guide. Within this definition, Radioactivity 
Concentration Guide can be established only after the Radiation Protection Guide is decided 
upon. Any given Radioactivity Concentration Guide is applicable only for the circumstances 
under which use of its corresponding Radiation Protection Guide is appropriate. 


38 
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7.15 As discussed in Section VI, reasonably accurate estimates can be made of the amount 
of internally deposited radioactive material resulting in any particular organ dose. However, 
the establishment of guides as to the amount of material which, when taken into the body, will 
yield such organ doses is fraught with many uncertainties. Further extension of the estima- 
tion to indicate the equivalent amount of environmental contamination is even more uncertain. 
The potential errors are even greater with inhaled contamination than with ingested materials. 
Extension to individual portions of the environment further compounds the possible errors. 


7.16 This staff report, therefore, does not contain specific numerical recommendations for 
Radioactivity Concentration Guides. However, concentration guides now used by the agencies 
appear appropriate on an interim basis. Where appropriate radioactivity concentration guides 
are not available, and where Radiation Protection Guides for specific organs are provided in 
this staff report, the latter Guides can be used by the Federal agencies as a starting point for 
the derivation of radioactivity concentration guides applicable to their particular problems. 
The Federal Radiation Council has also initiated action directed towards the development of 
additional Guides for radiation protection. 


7.17 Particular attention is directed to the possibly different ratios of intake to uptake for 
adults and children. There is no simple numerical relationship between Radioactivity Concen- 
tration Guides for the worker and for the general population, even if such a simple relationship 
is adopted for Radiation Protection Guides. 


7.18 With particular relationship to the establishment of Radioactivity Concentration 
Guides, the following research needs (in addition to those listed in paragraph 7.4) are pointed 


Efforts to design design better and less expensive radiation monitoring instruments and 
methods. 


Extensive studies to determine the relationship between concentration of radioactivity in 
food, air and water, and the ultimate disposition of these by the body. 


. Studies designed to elucidate the relationship between the intake of radionuclides in var- 
ious chemical forms and their subsequent uptake. Presently, many compounds of a given 
radionuclide are treated as though they were the same compound. 


Studies to elucidate the difference between children and adults in their uptake and dispo- 
sition of radioactivity and their radiation sensitivity. 


58016--U.S.Dept.of Comm--DC--1960 
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APPENDIX 7 


FEDERAL RADIATION COUNCIL LETTER OF JULY 8, 1960 TO AGENCY HEADS 


FEDERAL RADIATION COUNCIL 
EXECUTIVE OFFICE BUILDING 
WASHINGTON 28, D.c. 


July 8, 1960 


Dear Mr. Secretary: 


In the May :8, 1960 issue of the Federal ter there was 
published a Memorandum fer the President from the rman of 
the Federal Radiation Council containing seven recommendations 
which were approved by the President for the guidance of Federal 
agencies on radiation protection standards. This action was pur- 
suant to Executive Order 10831 an4é Public Law 86-373 which ea- 
tablished the Federal Rediation Council to ‘advise the President 
with respect to radiation matters, directly or indirectly affecting 
health, including guidance for all Federal agencies in the formu- 
lation of radiation standards. 


The Memorandum for the President and the Staff Report of 
the Federal Radiation Council, "Background Material for the De- 
velopment of Radiation Protection Standards," copies of which 
are enclosed for your convenience, discuss in detail the method 
by which the recommendations of the Federal Radiation Council 
were developed. it was pointed out that the formulation of radiation 

tctection standards involves a balancing of the risks to man of 
exposure to ionizing radiation against the benefits to be derived 
from the many important usages to which radiation is applied. 
The staff of the Council, in addition to conducting a careful re- 
view of the current information on the hasards of ionizing radiation, 
consulted with staff members of many «: the Federal agencies 
concerned with radiation protection in order to define the problem 
areas to be provided for in recommended protection standards. 


In order to provide continuing advice to the President on 
radiation protection standards, the Federal Radiation Council 
must have information from which it can determine the extent to 
which its recommendations represent an appropriate balance be- 
tween the requirements of health protection and the beneficial uses 
of radiation and atomic energy. To this end, your assistance is re- 
quested. 
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Specifically, the Federal Radiation Council would like a 
report on radiation protection activities to be conducted by the 
Department of Agriculture under the Radiation Protection Guidance 
for Federal Agencies promulgated by the President. In particular, 
the Council would like to be informed on the operating standards 
developed by your agency and if any deviations from the Guides 
are planned under the provisions of Recommendation 7 which 
states: 


The Guides may be exceeded only after the Federal 
agency having jurisdiction over the matter has carefully 
considered the reason for doing so in light of the recom- 
mendations in this paper." 


On the basis of the reporte recaived from the agencies, it 

' is the plan of the Council to develop a regular mechanism for re- 
ceiving such reports and we would welcome your suggestions on 

this matter. In order to expedite the development of a routine 
pattern, the Council would appreciate receving the report from 

your agency by August :, 1960. Any questions you may have about 
this report may be directed te the Secretary of the Federal Radiation 
Council, Dr. Donald R. Chadwick, code 1:3 - extention 2505. 


Sincerely yours, 


The Honorable Esra Taft Benson 
Secretary of Agriculture 
Washington 25, D. C. 


Identical ltrs sent to heads of the attached list of Federal agencies 
cc: The Honorable Chet Holifield, Chairman, Spec. Subcomm, JCAE 
The Honorable Clinton P. Anderson, Chairman, JCAE 
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Department of Agriculture 
Department of Defense 
Department of Commerce 
Department of Labor 
Department of Justice 
Department of the Interior 
Department of the Treasury 


Post Office Department 


Atomic Energy Commissica 
Interstate Commerce Commission 
Federal Aviation Agency 
Veterans Administration 


Office of Civil and Defense Mobilization 
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APPENDIX 8 


FRC MEMORANDUM TO THE PRESIDENT REPORTING ON AGENCY REPLIES, 
SEPTEMBER 2, 1960 


FEDERAL RADIATION COUNCIL 


COPY 


September 2, 1960 


MEMORANDUM FOR THE PRESIDENT 


SUBJECT: Radiation Protection Activities of Federal 
Agencies under Radiation Protection Guidance 
for Federal encies Promulgate e President 


Pursuant to a decision of the Federal Radiation Council 
on July 5, 1960, a letter was sent from the Chairman of the 
Council to all Federal agencies considered as having radia- 
tion protection responsibilities which might fall under the 
Radiation Protection Guidance for Federal Agencies promul- 
gate y e President, y e purpose of the 
letter was to determine the degree to which the radiation 
protection activities of the Federal agencies were being 
conducted in conformance with this guidance. The letter 
also requested information on any deviations from the 


Guides which were planned under the provisions of 
Recommendation 7, which states: 


"The Guides may be exceeded only after the 
Federal agency having jurisdiction over the 
matter has carefully considered the reason for 
doing so in light of the recommendations in 
this paper." 


The following is a list of the agencies to which 
the letter was sent: 


Department of Agriculture Post Office Department 
Department of Commerce Department of the Treasury 
Department of Defense Atomic Energy Commission 


Department of Health, Federal Aviation Agency 
Education, and Welfare 


Department of the Interior Interstate Commerce Commission 


Department of Justice Office of Civil & Defense 
Mobilization 


Department of Labor Veterans Administration 


58454 O—60——-43 
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The replies indicate that the Federal agencies are conducting 
their radiation protection activities in accordance with the Presidential 
guidance. Furthermore, the agencies indicated that as of the date of 
their report no deviations from the Guides were in effect or being 
planned. 


In order to meet its statutory responsibility, ''to advise the 
President on radiation matters directly and indirectly affecting health, 
including guidance to Federal agencies on radiation standards." the 
Council felt that a regular mechanism for receiving reports from 
the agencies should be developed. The following mechanism has 
been established: 


1. <A regular annual report by each agency on Augst 1 
as to any operating criteria or regulations revised, 
adopted, or promulgated during the previous year 
under the Radiation Protection Guidance for Federal 
Agencies promulgated by the President. 


2. Prompt notification of the Council of the adoption or 
promulgation of any new or revised operating criteria 
or regulations in areas covered by approved Radiation 
Protection Guides. Cases involving levels in excess of 
such Guides are to be noted. 


Consistent with Recommendation 7, the Council will continue 
to follow the practices of the Federal agencies as set forth in these 
reports and will bring to your attention such matters as seem 
appropriate. 


/_/ Arthur S. Flemming 
Chairman . 


Wik Fe 
cc: JCAE HEATH, EDUCA 960 


BreuU eB 
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APPENDIX 9 


AEC CRITERIA For STATE RADIATION CONTROL 


UNITED STATES 
ATOMIC ENERGY COMMISSION 
Washington 25, D. C. 


No. C-65 FOR IMMEDIATE RELEASE 
Tel. HAzelwood 7-7831 (Tuesday, April 12, 1960) 
Ext. 3446 


AEC SENDS GOVERNORS CRITERIA FOR STATE RADIATION CONTROL 


Acting Chairman John F. Floberg of the Atomic Energy Com- 
mission has transmitted to the governors of the states a set of 
proposed criteria by which the Atomic Energy Commission may re- 


linquish and the states may assume control of certain radioactive 
materials. 


In letters to the governors, Acting Chairman Floberg said, 
in part; 


"Within the past few days, President Eisenhower wrote to 
you about the importance he attributes to the reapportionment of 
responsibilities between the states and the Federal Government 
and mentioned the authority granted by Public Law 86-373 to take 
such steps in the atomic energy field. 


“Our first step in implementing this proposal is the develop- 
ment of criteria for use in the discontinuance of the Atomic Energy 
Commission's responsibilities over certain radioactive material 
and the assumption of these responsibilities by the states through 
agreements with the AEC." 


The radioactive materials over which the AEC may relinquish 
control under Public Law 86-373 -- an amendment to the Atomic 
Energy Act which was passed last September -- are byproduct 
material (radioisotopes), source material (uranium and thorium) 
and special nuclear material (uranium 233, uranium 235 and plu- 
tonium) of less than a critical mass. 


The regulatory authority which the states may assume under 
the amendment includes responsibility for rule making, licensing, 
inspection, compliance and enforcement. 
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The amendment provides that agreements between the Atomic 
Energy Commission and the governor of a state for reapportionment 
of responsibilities in this matter may be entered into if the 
governor certifies that his state has a program for control of 
the specified radioactive materials and desires to assume regula- 
tory responsibility over them. 


‘The Commission must also find that the state's program 
is compatible with the Commission's regulatory program covering 
these materials and is adequate to protect public health and 
safety. 


In developing the proposed criteria, the Commission had 
as a principal goal the achievement of a high degree of uniformity 
in the regulation and control of radioactive materials by the 
states and the Federal Government. ’ 


This is an important objective laid down for AEC by Congres 
in enacting the September, 1959, amendment. The Joint Committee 

on Atomic Energy has pointed out that radiation standards adopted 
by the states under agreements with the Commission should be 
identical to or compatible with Federal standards in order to 
avoid conflict, overlapping and inconsistencies. 


It is intended that the criteria, which are for the 
guidance of both the states and of the Commission in the develop- 
ment of agreements under the amendment, be studied by the governors 
The criteria also are to be circulated among state and Federal 
governmental and non-governmental organizations and agencies for 
discussion and comment. 


The Commission then will reconsider the criteria in the 
light of major comments and suggestions received from the governors 
and from the organizations and agencies before giving them final 
approval. Meanwhile, where the criteria in their present form 
are deemed acceptable by state authorities, they may be used as 
the basis for initiating negotiations looking toward an agree- 
ment under the amendment. 


Points covered by the criteria, a copy of which is at- 
tached, include: Objectives; radiation protection standards; 
prior evaluation of uses of radioactive materials; inspection; 
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enforcement; personnel; special nuclear material; administration, 
and arrangements for discontinuing AEC jurisdiction. 


In addition to the criteria, the AEC has also sent to 
the governors a summary of AEC policies and procedures governing 
the regulation and licensing of byproduct, source and special 
nuclear materials, a copy of Public Law 86-373 and copies of 
pertinent AEC regulations governing Licensing and regulation of 
these materials. 


To further aid the states in developing a program for 
radiation control, the Atomic Energy Commission is preparing a 
suggested set of state regulations and legislation which may be 
used as a guide wherever a state desires such assistance. 


Under the amendment, the Commission also will provide 
training for state personnel. This will include on-the-job 
training in licensing, inspection, compliance and enforcement 
of regulations; instruction for periods of 10 to 12 weeks at 
Commission facilities in health physics and formal training 
through a health physics program designed for special assistance 
to the states. This latter program, as is the case with the 
Commission's existing health physics fellowship program, will 
cover an academic year of study and practical experience in 
health physics at Commission facilities. The Commission's 
training programs are being coordinated with those of the U.S. 


While permitting states to assume control over the 
specified radioactive materials, the amendment specifically ex- 
cludes from state control the construction and operation of nuclear 
reactors; the export or import of byproduct, source or special 
nuclear material or the export or import of nuclear reactors. 

It also excludes the states from control of ocean disposal of 
radioactive waste materials and the disposal of such other by- 
product, source or special nuclear material as the Commission 
determines by regulation or order should not be disposed of 
without a Commission license. 
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The law also reserves to the AEC authority to license 
the distribution of certain devices and types of equipment con- 
taining byproduct, source or special nuclear material. 


The General Manager of the Atomic Energy Commission has 
assigned to the agency's Office of Health and Safety the task of 
providing guidance to the states in making arrangements for 
agreements between the states and the Commission for control 
over radioactive materials. 


- 30 - 
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PROPOSED CRITERIA FOR GUIDANCE OF STATES AND THE AEC 
IN THE DISCONTINUANCE OF AEC AUTHORITY 
OVER BYPRODUCT, SOURCE, AND SPECIAL NUCLEAR MATERIALS 
IN LESS THAN A CRITICAL MASS 
AND THE ASSUMPTION THEREOF BY STATES 


THROUGH AGREEMENTS 
Introduction 


These proposed criteria are being developed to implement 
a program, authorized by P.L. 86-373, which was enacted in the 
form of an amendment to the Atomic Energy Act and approved by 
the President on September 23, 1959. Under provision of this 
Amendment, when an agreement between a state and the AEC is ef- 
fected, the Commission will discontinue its regulatory authority 
over byproduct material (radioisotopes) and source material 
(uranium and thorium) and also over special nuclear material 
(Uranium 233, Uranium 235 and plutonium) of less than a critical 
mass. 


An agreement may be effected between a state and AEC: 
(1) upon certification by the Governor that the state has a 
program for the control of radiation hazards adequate to pro- 
tect the public health and safety with respect to the materials 
within the state covered by the proposed agreement and the state 
desires to assume regulatory responsibility for such materials; 
and (2) the AEC makes a finding that the state program is com- 
patible with the Commission's program for the regulation of such 
materials, and is adequate to protect the public health and 
safety with respect to the materials covered by the proposed 
agreement. 


After discussions with various state officials and 
representatives of organizations of state officials, the Atomic 
Energy Commission drafted proposed criteria, as set forth below, 
to provide assistance to the states in developing a regulatory 
program which is compatible with that of the AEC. The criteria 
are being circulated among states, federal agencies and other 
interested groups for comment, prior to formal adoption by the 
Commission. 
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In cooperation with representatives of the states and 
the staff of the Council of State Governments, the Commission is 
also preparing suggested state legislation and radiation regula- 
tions as additional assistance to the states in achieving com- 
patibility of their programs with that of the AEC, as provided 
by the Amendment. Uniformity in standards is essential in avoid 
ing inconsistencies and difficulties in different jurisdictions 
which may hinder the atomic energy program or jeopardize the 
health and safety of the public. 


The proposed criteria recommend that the state authority 
consider the total accumulative occupational radiation exposure 
of individuals. To facilitate such an approach, it is the view 
of the AEC that an over-all radiation protection program is 
desirable. The maximum scope of each state's radiation protec- 
tion program is not, however, a necessary or appropriate subject 
for coverage in the criteria. Consequently, they are silent on 
the question whether a state should have a total regulatory pro- 
gram covering all sources of radiation including those not sub- 
ject to control by the AEC under the Atomic Energy Act, such as 
X-rays, radium, accelerators, etc. 


To assist the states in developing radiation control 
programs the AEC will provide training for state personnel, in- 
cluding: (1) an on-the-job training program for orientation and 
experience in licensing, compliance and enforcement functions 
and in field inspections; (2) intensive courses in health physics 
(of 10 to 12 weeks) in Commission facilities; and (3) formal 
training through health physics fellowship programs and a pro- 
gram designed for special assistance to states in radiation 
control (both programs cover an academic year of study as well 
as practical experience in health physics at Commission facilities) 
The Commission training programs are being coordinated with those 
of the U.S. Public Health Service. 


The PHS offers training courses and training assistance 
in the field of radiological health. The radiological health 
training program conducted by the PHS provides intensive tech- 
nical courses for professional public health personnel. The 
graduate training program of the PHS, wherein state health agency 
personnel or PHS officers assigned to these agencies receive 
university training in radiological health, also provides trained 
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professional personnel. The Department of Health, Education, and 
Welfare will continue as the federal focal point for guidance and 
assistance to the states with respect to contamination by and 
biological effects from radiation sources not now under control 
of the Atomic Energy Commission. 


It is the policy of the President that the AEC enter 
into formal agreements with states pursuant to the Act as rapidly 
as the states and the Commission are prepared to do so. To that 
end, the Commission will welcome discussions and suggestions rela- 
tive to the proposed criteria and, later, on the suggested legis- 
lative program and regulations. The Commission recognizes that 
states may now have radiation control programs, based on suitable 
legislation and appropriate regulations, which would permit early 
initiation of discussions which could lead to agreements. Such 
discussions are welcome, 


Formal comments and suggestions with respect to the pro- 
posed criteria should be addressed to Mr. John A. McCone, Chair- 
man, U.S. Atomic Energy Commission, Washington 25, D.C. 


Inquiries about details of the proposed criteria or other 
aspects of the AEC's Federal-State Relations Program should be 
addressed to the Office of Health and Safety, U.S. Atomic Energy 
Commission, Washington 25, D.C. 


OBJECTIVES 


1. Protection, Development. A state regulatory program 
should be designed to protect the health and safety of the people 


against radiation hazards and to encourage the constructive uses 
of radiation. 


RADIATION PROTECTION STANDARDS! 


2. Standards. The state regulatory program should adopt 
a set of standards for protection against radiation. 


1/ To give content to all criteria enunciated, there is being 
prepared a set of suggested state regulations and state 
legislation. 
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3. Uniformity in Radiation Standards. It is important 
to strive for uniformity in technical definitions and terminology, 


particularly as related to such things as units of measurement 
and radiation dose. There should be uniformity on permissible 
doses and levels of radiation and concentrations of radioactivity, 
By uniformity is meant no more and no less than those standards 
fixed by Part 20 of the AEC regulations. 


For the past 30 years the National Committee on Radiation 
Protection and Measurements (NCRP) has been studying the entire 
area of permissible radiation dose, and during that time has 
made recommendations on the permissible radiation exposure. AEC's 
policy has been to follow these recommendations both in its own 
operations and in developing and administering its regulatory 
program. The basic radiation exposure standards in 10 CFR, Part 
20, represent the legal adaptation of these NCRP recommendations. 
In addition, it is expected that guidance in the formulation of 
future radiation standards by Federal Agencies will be provided 
by the President, on the advice of the recently established 
Federal Radiation Council. 


4. Total Occupational Radiation Exposure. The regulatory 
authority should consider the total occupational radiation ex- 


posure of individuals, including that from sources which are not 
regulated by it, except exposures to patients for medical diag- 
nosis and therapy. 


5. Surveys, Monitoring, Labels, Signs, Symbols. Surveys 
and personnel monitoring are important in achieving radiological 


protection and in determining compliance with safety regula- 
tions. It is desirable to achieve uniformity in labels, signs, 
and symbols, and the posting thereof, and it is essential that 
there be uniformity in labels, signs, and symbols which are af- 
fixed to radioactive products which are transferred to others. 


6. Instruction. Persons working in or frequenting con- 
trolled areas2/ should be instructed with respect to the hazards 


27 “Controlled area" means any area access to which is controlled 
~ by the licensee. "Controlled areas" shall not include any 
areas used as residential quarters, although a separate room 
or rooms in a residential building may be set apart as a 
controlled area. 
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of excessive exposure to radioactive materials and in precautions 
to minimize exposure. 


7. Storage. Radioactive materials stored in an uncon- 
trolled area should be secured against unauthorized removal. 


8. Waste Disposal. In the release or disposal of radio- 
active materials, certain Limited quantities may be safely dis- 
charged into the air, water, and sewers, and buried in the soil. 
These limits should be uniform, and as prescribed in Part 20. 
Holders of radioactive material desiring to release or dispose 
of quantities in excess of the prescribed limits should be re- 
quired to obtain special permission from the appropriate state 
or federal regulatory authority. 


9. Regulations Governing Shipment of Radioactive Materials. 
The state should promulgate regulations applicable to the intra- 


state shipment of radioactive materials, such regulations to be 
compatible with, if not identical to, those established by the 
Federal Government (AEC, Interstate Commerce Commission, Federal 
Aviation Agency, Treasury Department, (Coast Guard), and Post 
Office) covering interstate shipment of such materials. 


10. Records and Reports. It is essential that holders 
and users of radioactive materials (a) maintain records covering 
personnel radiation exposures, radiation surveys, and disposals 
of materials; (b) keep records of the receipt and transfers of 
the materials; (c) report significant incidents involving the 
materials, as prescribed by the regulatory authority and (d) make 
available, upon request of an individual, data on his exposure. 


11. Adaitional Requirements and Exemptions. Consistent 
with the over-all criteria here enumerated and to accommodate 


special cases or circumstances, the regulatory authority should 
be authorized to impose additional requirements to protect health 
and safety, or to grant necessary exemptions which will not jeop- 
ardize health and safety. 








680 RADIATION PROTECTION 


PRIOR EVALUATION OF USES OF RADIOACTIVE MATERIALS 


12. Prior Evaluation of Hazards and Uses, Exceptions. 
In the present state of knowledge, it is necessary in regulating 


the possession and use of radioactive materials that the regula- 
tory authority require the submission of information on, and 
evaluation of, the potential hazards and the capability of the 
user or possessor prior to his receipt of the materials. This 
criterion is subject to certain exceptions and to continuing 
re-appraisal as knowledge and experience in the atomic energy 
field increase. Frequently there are, and increasingly in the 
future there may be, categories of materials and uses as to 
which there is sufficient knowledge to permit possession and 
use without prior evaluation of the hazards and the capability 
of the possessor and user. These categories fall into two 
groups - those materials and uses which may be completely exempt 
from regulatory controls, and those materials and uses in which 
sanctions for misuse are maintained without pre-evaluation of 
the individual possession or use. 


13. Evaluation Criteria. In evaluating a proposal to 
use radioactive materials, the regulatory authority should deter- 
mine the adequacy of the applicant's facilities and safety equip- 
ment, his training and experience in the use of the materials for 
the purpose requested, and his proposed administrative controls. 


14. Broad Research and Development Authorizations for 
Institutions. In authorizing research and development involving 


radioactive materials, where an institution has people with ex- 
tensive training and experience, the regulatory authority may 
wish to provide a means for authorizing broad use of materials 
without evaluating each specific use. 


15. Human Use. The use of radioactive materials and 
radiation on or in humans should not be permitted except by 
properly qualified persons (normally licensed physicians) pos- 
sessing prescribed minimum experience in the use of radioiso- 
topes or radiation. 
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INSPECTION 


16. Purpose, Frequency. The possession and use of radio- 
active materials should be subject to inspection by the regulatory 
authority and should be subject to the performance of tests, as 
required by the regulatory authority. Inspection and testing is 
conducted to determine, and to assist in obtaining, compliance 
with regulatory requirements. 


Frequency of inspection should be based upon the degree 
of potential hazard associated with the particular category of 
use. The more hazardous uses should be inspected at least once 
each year. More frequent inspections may be required if there 
is questionable compliance. 


17. Inspections Compulsory, But With Minimum Interference. 
Licensees or permittees should be under obligation by law to pro- 


vide access to inspection, but should be subject to minimum in- 
terruptions to, or interference with, their activities when such 
inspections occur. 


18. Notification of Results of Inspection. Licensees and 
permittees are entitled to be advised of the results of inspec- 


tions and to notice as to whether or not they are in compliance. 
ENFORCEMENT 


19. Enforcement. Possession and use of radioactive 
materials should be amenable to enforcement through legal 
sanctions, and the regulatory authority should be equipped or 
assisted by law with the necessary enforcement powers. This may 
include, as appropriate, administrative remedies looking towards 
issuance of orders, or suspension or revocation of the right to 
possess and use materials, and the impounding of materials; the 
obtaining of injunctive relief; and the imposing of civil or 
criminal penalties. 


PERSONNEL 


20. Qualifications of Regulatory and Inspection Personnel. 
Prior evaluation of applicants for licenses or authorizations and 


inspection of licensees or permittees must be conducted by persons 
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possessing the training and experience relevant to the type and 
level of radioactivity in the proposed use to be evaluated and 
inspected. This requires competency to evaluate various poten- 
tial radiological hazards associated with the many uses of radio- 
active material and includes concentrations of radioactive ma- 
terials in air and water, conditions of shielding, the making of 
radiation measurements, knowledge of radiation instruments -- 
their selection, use and calibration -- laboratory design, con- 
tamination control, other general principles and practices of 
radiation protection, and use of management controls in assuring 
adherence to safety procedures. 


To perform these functions involved in evaluation and 
inspection, it is desirable that there be personnel educated and 
trained in the physical and/or life sciences, including biology, 
chemistry, physics and engineering, and that the personnel have 
had training and experience in health physics. For example, the 
person who will be responsible for the actual performance of 
evaluation and inspection of all of the various uses of byproduct, 
source and special nuclear material which might come to the 
regulatory body should have substantial training and extensive 
experience in the field of health physics. It is desirable that 
such a person have a bachelor's degree or equivalent in the phy- 
sical or life sciences, and specific training in health physics. 


It is recognized that there will also be persons in the 
program performing a more limited function in evaluation and 
inspection. These persons will perform the day-to-day work of 
the regulatory program and deal with both routine situations as 
well as some which will be out of the ordinary. These people 
should have a bachelor's degree or equivalent in the physical or 
life sciences, training in health physics, and approximately 
two years of actual work experience in the field of health physics. 


The foregoing are considered desirable qualifications for 
the staff who will be responsible for the actual performance of 
evaluation and inspection. In addition, there will probably be 
trainees associated with the regulatory program who will have an 
academic background in the physical or life sciences as well as 
varying amounts of specific training in health physics but Little 
or no actual work experience in this field. The background and 
specific training of these persons will indicate to some extent 
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eir potential role in the regulatory program. These trainees, 
fF course, could be used initially to evaluate and inspect those 
plications of radioactive materials which are considered routine 

















































¢ more Standardized from the radiation safety standpoint, for 
ample, inspection of industrial gauges, small research pro- 
> rams, and diagnostic medical programs. As they gain experience 
sd competence in the field, the trainee could be used progressively 
- deal with the more complex or difficult types of radioactive 
pterial applications. It is desirable that such trainees have 
1g bachelor's degree or equivalent in the physical or life sciences 
d specific training in health physics. 
It is recognized that radioactive materials and their 
nd ses are so varied that the evaluation and inspection functions 
Y» ill require skills and experience in the different disciplines 
e nich will not always reside in one person. The regulatory auth- 
he rity should have the composite of such skills either in its 
pploy or at its command, not only for routine functions, but 
uct, |iso for emergency cases. 
SPECIAL NUCLEAR MATERIAL 
at 
y* 21. Conditions Applicable to Special Nuclear Material. 
S. he regulatory authority should recognize the ownership by the 
ited States of all special nuclear material and the financial, 
1e curity, and other conditions under which special nuclear ma- 
prial is made available. Authorization to possess and use special 
5 clear material should contain recognition of the duty of the 
LS ylder to report to the AEC, on AEC prescribed forms (1) trans- 
rs of special nuclear material, and (2) periodic inventory 
or ta; and should contain recognition of the supervening regula- 
ry authority of the AEC if the holder comes into possession of 
ysics. hantities of special nuclear material in excess of the state's 
tisdictional limits. 
for 
of 22. Special Nuclear Material Defined. Special nuclear 
be aterial, in quantities not sufficient to form a critical mass, 
an all be defined to mean uranium enriched in the isotope U 235 
as quantities not exceeding 350 grams of contained U 235; uranium 
ttle 3 in quantities not exceeding 200 grams; plutonium in quantities 
nd bt exceeding 200 grams; or any combination of them in accordance 
nt 


ith the following formula: For each kind of special nuclear 
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material, determine the ratio between the quantity of that special 
nuclear material and the quantity specified above for the same 
kind of special nuclear material. The sum of such ratios for 

all of the kinds of special nuclear material in combination 
should not exceed "1" (i.e., unity). For example, the following 
quantities in combination would not exceed the Limitation and 

is within the formula, as follows: 


175 (grams contained U 235) + 50 (grams U 233) + 50 (grams Pu)= 1 
350 200 200 


ADMINISTRATION 


23. State practices for assuring the fair and impartial 
administration of regulatory law, including provision for public 
participation where appropriate, should be incorporated in 
procedures for: 


a. Formulation of rules of general applicability; 


b. Approving or denying applications for licenses or 
authorizations to possess and use radioactive materials; and 


c. Taking disciplinary actions against licensees or 
permittees. 


ARRANGEMENTS FOR DISCONTINUING AEC JURISDICTION 


24. State Agency Designation. The state should indicate 
which agency or agencies will have authority for carrying on the 
program and a summary of the legal authority. There should be 
assurances against duplicate regulation and licensing by state 
and local authorities, and it may be desirable that there be a 
single or central regulatory authority. 


25. Existing AEC Licenses and Pending Applications. In 
effecting the discontinuance of jurisdiction, appropriate ar- 


rangements will be made by AEC and the state to ensure that there 
will be no interference with or interruption of licensed activities 
or the processing of license applications, by reason of the 
transfer. For example, one approach might be that the state, in 
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assuming jurisdiction, could recognize and continue in effect, 
for an appropriate period of time under state law, existing AEC 
licenses, including licenses for which timely applications for 
renewal have been filed, except where good cause warrants the 
earlier re-examination or termination of the License. 


26. Relations With Federal Government and Other States. 
fhe regulatory authority will be expected to recognize appropriate 
exemptions from its regulations for operations by the federal 
government and operations regulated by federal agencies, but 
should maintain and promote co-operative efforts and arrangements 
with the Federal Government and its agencies and among the states. 


There should be an interchange of federal and state in- 
formation and assistance in connection with the issuance of 
regulations and licenses or authorizations, inspection of licensees, 


reporting of incidents and violations, and training and education 
problems. 


27. Execution, State Certification, AEC Finding, Publica- 
tion. The agreement shall be executed by the Governor of the 


state on behalf of the state and by the Chairman of the Atomic 
inergy Commission on behalf of the Commission. The agreement 
shall contain or annex the certification of the Governor that 

the state has a program for the control of radiation hazards 
adequate to protect the public health and safety, with respect 
to the materials within the state covered by the proposed agree- 


ment, and that the state desires to assume regulatory responsibility 
for such materials. The agreement shall contain or annex the 

finding of the Atomic Energy Commission that the state program 

is compatible with the Commission's program for the regulation of 
such materials, and that the State program is adequate to protect 

the public health and safety with respect to the materials covered 
by the proposed agreement. 


Within 30 days after the agreement is signed by the Com- 
mission and the Governor, the agreement and exemptions shall be 
published in the Federal Register. 


28. Exemptions From Federal Requirements, Advance Publi- 
cation. Before any agreement is signed by the AEC, the Commission 


shall determine the exemptions which appear necessary from the 
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licensing requirements contained in Chapters 6, 7, and 8 of the 
Atomic Energy Act and from its regulations applicable to Licenses 
necessary or appropriate to carry out the proposed agreement; 
and the terms of the proposed agreement and the proposed exemp- 
tions shall be published once each week for four consecutive 
weeks in the Federal Register with opportunity for comment by 
interested parties on the proposed agreement and exemptions. 
Each proposed agreement shall include the proposed effective date 
of the agreement and exemptions. 


29. Coverage, Amendments, Reciprocity. An agreement pro- 
viding for discontinuance of AEC regulatory authority and the 


assumption thereof by a state may relate to any one or more of 
the following categories of materials within the state, as con- 
templated by Public Law 86-373: 


a. byproduct materials, 


b. source materials, 


_¢. special nuclear materials in quantities not suf- 
ficient to form a critical mass; 


but must relate to the whole of such category or categories and 
not to a part of any category. If less than the three categories 
are included in any discontinuance of jurisdiction, discontinuance 
of AEC regulatory authority and the assumption thereof by the 
state of the others may be accomplished subsequently by an amend- 
ment or by a later agreement. 


The agreement may incorporate by reference provisions of 
other documents, including these criteria, and the agreement shall 
be deemed to incorporate without specific reference the provisions 
of P.L. 86-373 and the related provisions of the Atomic Energy Act. 


The agreement may provide for the reciprocal recognition 
of state licensees or permittees and federal licenses in connection 
with out-of-the-jurisdiction operations by a state or federal 
license. 
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APPENDIX 10 


CORRESPONDENCE CONCERNING THE NATIONAL.COMMITTEE ON RADIATION 
PROTECTION AND MEASUREMENT 


HEALTH PHYSICS SOEtElY 


PRESIDENT: ELOA E ANDERSON SECRETARY: J W. MCCASLIN 





OAK RIDGE NATIONAL LABORATORY PHILLIPS PETROLEUM COMPANY 
OAK RIDGE, TENNESSEE (DANO FALLS, IDAHO 

PRESIDENT-ELECT: JOHN 8. LAUGHLIN TREASURER: SAUL J HARRIS 
MEMORIAL CENTER atomic acCessonias. inc 
naw YORK 8). NEW YORK SELL EROSE 26. NEW YORK 


PAST PRESIDENT: LAURISTON 6. TAYLOR 
MATIONAL BUREAU OF STANDARDS 
WASHINGTON 88. ©. Cc 


July 13, 1960 


The Honorable Arthur S. Flemming 
Secretary of Health, Education and Welfare 
Washington 25, D. C. 


Dear Mr. Secretary: 


The Health Physics Society at its annual meeting in Boston on 
June 29, 30, and July 1, 1960, adopted unanimously the enclosed 
resolution. 


As you no doubt Know, the Health Physics Society is a professional 
organization of health physicists and other individuals interested in 
radiation protection, and has a membership at the present time of over 
1300. During the five years since the organization of the Society, 

it has shown steady growth. The Health Physics Society is vitally 
interested in maximum permissible exposure values and wishes to be 
assured that these values will continue to be set by an independent 
body of scientists. I trust that you will give this resolution your 
serious consideration, and use your influence to see that the important 
work of the NCRPM is continued. 


Sincerely, 


b Miia Z Linder ene’ 


Elda E. Anderson 
Past President 


EEA:T 
Encl. 
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HEALTH PHASICS SUCTES 


PRESIDENT: ELDA &. ANDERSON SECRETARY: J. W. MCCASLIN 
OAK RIDGE NATIONAL LABORATORY PHILLIPS PETROLEUM COMPANY 
Oak RIDGE, TENNESSEE IDAMO FALLS, IDAHO 


PRESIDENT-ELECT: JOHN 6. LAUGHLIN TREASURER: GAUL J. HARRIS 
MEMOMIAL CENTER ATOMIC ACCESSORIES. INC. 
“EW YORE 8:1, NEW YoRK SELL GROSE 86. NEW TORK 


—e JUL 13 1960 


WHEREAS, during the past three decades the National Committee 
on Radiation Protection and Measurement has provided the only 
authoritative basis in the United States for establishing radiation 
protection standards, and 


WHEREAS, these recommendations have made possible the excellent 
radiation safety record which has been achieved in the United States, 
and 


WHEREAS, these recommendations have been achieved through the 
collective efforts of dedicated scientists participating in an 
independent organization; therefore 


RESOLVED, That the Health Physics Society in its anmal meeting 
held in Boston, Massachusetts on June 30, 1960, commends the NCRPM 
for its important contributions to radiological health, affirms its 
confidence in the ability of ICRPM to contime this vitai function, 
and urges strongly that the NCRPM be permitted to carry on in its 
present independent capacity so that the important work which it has 
so effectively done in the past shall not be interrupted. 
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FEDERAL RADIATION COUNCIL 
EXECUTIVE OFFICE BUILDING 
WASHINGTON 25, D.C 


July 28, 1960 


Dear Dr. Anderson: 


The Federal Radiation Council shares the attitude towards 
the NCRP expressed in the Health Physics Society's resolution 
which you forwarded to me on July 13, 1960. The enclosed letter 
which I have sent to the Chairman of the NCRP is based on a 


discussion at the Federal Radiation Council meeting of July 5, 
1960. 


I would again like to express my regret that | was unable 
to be with you at the Health Physics Society banquet on June 30. 
[have been told that the fifth annual meeting was a very stimu- 
lating and successful one. 


Sincerely yours, 


/sf 


/ 
Arthur S$. Flemming 
Chairman 


Dr. Elda EZ, Anderson 

Past President 

Health Physics Society 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


Enclosure 
JCAE 
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FEDERAL RADIATION COUNCIL 
EXECUTIVE OFFICE BUILDING 
WASHINGTON 25.0 C 


July 28, 1960 
Dear Dr. Taylor: 


At the recent hearings, "Radiation Protection Standards and 
Criteria: Their Basis and Use,'' conducted by the Joint Committee 
on Atomic Energy, concern was expressed by certain individuals 
that the activities of the Federal Radiation Council might adversely 
affect the NCRP. In my testimony before the Joint Committee, as 
Chairman of the Council, I indicated that the Council considered a 
strong and independent NCRP an extremely important factor in the 
radiation protection field. Ata recent meeting of the Council, the 
role of the NCRP was discussed and there was unanimous agree- 
ment among the Council members with the opinion which I had 
expressed to the Joint Committee. 


We are aware of the fact that the organizational structure of 
the NCRP has been undergoing study by the membership for some 
time. The Council would be glad to assist the NCRP in the develop. 
ment of its future organizational and administrative arrangements. 
A suggestion at the recent Council meeting was that the NCRP 
might wish to consider some type of relationship with the National 
Research Council of the National Academy of Sciences. Should 
this be the case, and should you feel that the Council might be of 
assistance in making such arrangements, please do not hesitate 
to callonus. The Council has relied heavily on the work of the 
NCRP in the past and will continue to do so in the future. 


Sincerely yours, 


/ 


a 
/ e 


Arthur 5. Flemming 
Chairman 


Dr. Lauriston 8. Taylor, Chairman : 

National Committee on Radiation PEPATTY 
Protection and Measurements  SLTH, EDUCATION & - 

National Bureau of Standards JUL 28% 


» 25, D. C. 4 
— SIGNED ANID! 
yce: JCAE 
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JOINT COMMITTEE ON ATOMIC ENERGY 
June 16, 1960 


Dr. Allen V. Astin, Director 
National Bureau of Standards 
Connecticut Avenue and 

Van Ness Street, N. W. 
Washington, D. C. 


Dear Dr. Astin: 


Since the close of our hearings on Radiation Protection 
Criteria and Standards we have been advised that the Counsel 
of the National Bureau of Standards has ruled that employees 
of that agency may not serve on the National Committee on 
Radiation Protection and Measurements. 


In keeping with Section 202-of the Atomic oti Act of 
1954, as amended, which section provides, in 
Government agency shall furnish any information etates by 
the Joint Committee with respect to the activities or respon- 
sibilities of that agency in the field of atomic energy," it 
wuld be appreciated if you would advise the Joint Committee 
concerning this matter. 


Specifically, we desire to know whether such a ruling 
concerning participation on the NCRP hes been made; how such 
@ ruling would affect the activities of Mr. Lauriston Taylor 
of the Bureau of Standards who serves as Chairman of the NCRP; 
and possible future actions of this nature which may now be 
contemplated. 


Sincerely yours, 


Clinton P. Anderson 
Chairman 
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U. S. DEPARTMENT OF COMMERCE 
NATIONAL BUREAU OF STANDARDS 


ADRESS REPLY TO 
NATIONAL BUREAU OF STANDARDS 


WASHINGTON 25, D. C. July 13, 1960 


0oUMWwlUC OU SMQCUCrRKRrlCUcrPCUC OCU lCUre 


The Honorable Clinton P. Anderson 
Chairman, Joint Committee on Atomic Energy 
U. S. Senate 

Washington, D. C. 


Dear Chairman Anderson: 


This is in further response to your letter of June 16, 
1960, which arrived while I was out of the city and acknowledged 
by my staff. Your letter asked about a purported ruling that 
employees of the National Bureau of Standards may not serve on 
the National Committee on Radiation Protection and Measurements 
(NCRP). Such interpretation might be inferred from an informal 
opinion concerning a hypothetical situation made by one of the 
staff members of the Office of the General Counsel of the 
Department of Commerce. Therefore a proper answer to your 
question requires some background of the circumstances that 
led to the solicitation of an informal legal opinion. No 
ruling that NBS employees may not serve on the NCRP has been 
made. 


The NBS has been the primary sponsor of the NCRP since it 
was originally set up more than 30 years ago. Consequently, 
the NBS staff members have been very active in the Committee's 
affairs. During the course of the Committee's activities 
considerable independence of action was developed primarily 
in an effort to develop comprehensive technical recommendations 
and to acquire broad technical competence and representation in 
areas not encompassed by the NBS program or staff. As a result 
of the independence which developed in the Committee's activities 
it became evident that its operations were not in accordance with 
the requirements prescribed by the Attorney General for government 
advisory committees. As applied in the Department of Commerce, 
these requirements for government advisory committees are set 
forth in the attached copy of the Department of Commerce Order 
No. 114, dated March 13, 1959. For example, the government has 
not insisted upon naming the committee members nor controlling 
the agenda for the NCRP meetings, as would be required if the 
NCRP were formally constituted as a government advisory committee. 


wtTMmaoeoennome €mnrnor”eo pn 
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This problem was brought to the attention of the NCRP 
members at a meeting approximately a year ago. The over- 
whelming concensus of opinion of the Committee members was a 
desire to attain independent status rather than to conform to 
the requirements for a government advisory committee. During 
the past year the NCRP membership has been active in exploring 
various alternative methods of formal establishment as a private 
organization, including ways and means of financing its work. 
Because of NBS sponsorship of the NCRP the Bureau has assisted 
officially in these studies. 


With the establishment of the Federal Radiation Council, the 
matter of the Council's working relationship with the NCRP has also 
been under consideration, and the possibility of status as a government 
advisory committee for the NCRP was re-examined. However, the over- 
whelming preference of most of the individuals and agencies involved 
is to see the NCRP acquire fully independent status. 


In the course of considering various types of organizational 
arrangements for an independent NCRP the matter of participation 
of government employees has been of primary concern. It was in 
the course of such studies that individuals in the Office of the 
General Counsel of the Department of Commerce suggested that under 
certain types of private charters and with certain types of opera- 
ting objectives conflicts could develop between the NCRP and the 
government agencies represented on the Federal Radiation Council 
which would severely inhibit the participation of government 
employees in the activities of the NCRP. This opinion arose 
from the very simple consideration that the first responsibility 
of a government employee is to his job and if private activities 
conflict with his ability to perform his official duties they 
could not be permitted. It is, however, our feeling that a form 
of operation for the NCRP must be developed which will permit the 


full participation of federal employees. I feel reasonably certain 
that this objective can be met. 


Thank you very much for your interest in this matter. It is 
my plan to keep the Joint Committee on Atomic Energy apprised of 
the progress in the reorganization of the NCRP. 


Very truly yours, 


(GEBGL_ 


A. V. Astin 
Director 


Attachment 
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United States of America 


DEPARTMENT OF COMMERCE DEPARTMENT ORDER NO. ___114 (Revised) __ 


MANUAL OF ORDERS DATE OF ISSUANCE EFFECTIVE DATE 


March 13, 1959 March 13, 1959 


Part | L 





pe —_ 


SUBJECT 





ADVISORY COMMITTEES 








SECTION 1. PURPOSE: 


This order provides standards for the establishment and utilization of advisory committees 
within the Department of Commerce. 


SECTION 2. DEFINITIONS: 
-01 For the purpose of this order the following terms shall have the meanings indicated: 


l “Advisory Committee" means any committee, board, commission, council, confer- 
ence, panel, task force, or other similar group (including all subcommittees or other 
subgroups thereof) that is formed by the Department for advice or recommendations and 
that is not composed wholly of United States Government employees. The term also in- 
cludes any such group that is not so formed, but only during any period when it is being 
utilized by any organization unit of the Department for advice or recommendations in a 
manner similar to that which would be employed in utilizing advisory committees formed 
by the Government; 


2 "Industry Advisory Committee" means an advisory committee which is composed 
predominantly of members or representatives of a single industry. Each industry advisory 
committee shall be representative of the entire industry or portions thereof insofar as the 
purpose of the committee dictates. Representation shall be accomplished by taking into ac- 
count such factors as size, location, affiliation, and industrial function of the components 
represented. So far as practicable, selection of industry members shall, unless other-~ 
wise provided by statute, be limited to individuals actively engaged in the industry or 
industries concerned. 


SECTION 3. ESTABLISHING ADVISORY COMMITTEES: 


-01 Advisory committees may be established to seek advice from a true cross-section 

of industry or the arts and sciences in the development and admiristration of Department 
programs. The establishment of advisory committees does not preclude obtaining advice 
from authorized sources suchas, for example, the use of experts and consultants or by 

consultation with individual members of industry or scientific organizations. 


-02 Advisory committees not specifically authorized by law may be established by the 
Secretary of Commerce on the basis of a finding that the establishment and use of an ad- 
visory committee is in the public interest in connection with the performance of functions 
assigned to the Department of Commerce by law. 


-03 The head of an organization unit may propose the establishment of an advisory com- 
mittee after the following requirements have been met: 





1 The problem on which advice is sought will be of such importance as to warrant the 
Department?s use of the time of the members for committee operations; 


2 With respect to industry advisory committees, the industry representatives proposed 
will represent a cross~section of the industry with due consideration given to large, mecium, 
and small business, geographic distribution, degrees of integration, and differing produc- 
tion classification; 
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3 Adequate and clear terms of reference describing the purpose of the committee and 
its functions will be established in each case; 


+ The proposed membership will be composed of responsible representatives of busi- 
ness, industry or science in order that the best advice may be secured for the Department; 


5 Wherever possible, the principle will be followed that one advisory committee may be 
established for any given industry with subcommittees where appropriate and necessary. 
This practice will avoid any tendency toward duplication of committees within the Depart- 
ment in the same business, industrial or scientific field; and 


6 The proposal to establish an advisory committee shall be cleared with and approved 
by the Secretarial Officer of the Department responsible for the area concerned. This shall 
be accomplished by the submission of a memorandum detailing the nature and purpose of the 
committee, the basis on which established, the proposed membership showing affiliations, 
the proposed chairman and its expected duration, if known. Approval of the proposal by 

the appropriate Secretarial Officer shall include the finding contemplated in Section 3.02 
above. Upon approval by the Secretarial Officer as provided herein, the proposal to es- 
tablish an advisory committee shall be submitted to the Secretary for such action as he 

may consider appropriate. A copy of the memorandum or other document establishing an 


advisory committee shall be furnished the Gommittee Management Officer of the Depart~ 
ment for record purposes. 


SECTION 4. STANDARDS FOR UTILIZATION OF ADVISORY COMMITTEES: 


-01 Organization units of the Department utilizing advisory committees shall be governed, 
to the extent consistent with law, by the following standards: 


1 The functions of such committees shall be solely advisory and any determination of 
action to be taken, based in whole or in part on such advice, shall be made solely by the 
proper official or officials of the Department; 


2 Committee meetings shall be at the call of or with the approval of, and the agenda for 
the meetings shall be formulated or approved by a full-time salaried officer or employee of 
the Department. The appropriate Secretarial Officer shall be notified promptly of all 
scheduled advisory committee meetings; 


3 Committee meetings shall be under the chairmanship of, or conducted in the presence 
of a full-time salaried officer er employee of the Department. Such officer or employee shall 


have the authority to adjourn any meeting whenever he feels that its continuation would not be 
in the public inte rest; 


4 Minutes of each meeting shall be kept which shall contain at a minimum a summary of 
the matters discussed, and the conclusions reached. The Department officer or employee 
shall certify that such minutes are accurate. 


-02 Compliance with any part or all of the requirements of Sections 4.01 2, 4.01 3, and 
4.01 4 above may be waived by the Secretary in the case of advisory committees other than 
industry advisory committees, when he finds that compliance would render effective utili- 
zation of the committee impracticable and that such waivers would be in the public interest. 


-03 The standards prescribed herein shall not apply to any advisory committee for which 

the Congress has by statute specified the purpose, composition, and conduct (such as selection 
of chairman or holding of meetings) unless the Congress has specifically given the President, 
or otherwise delegated the power to prescribe rules for such committee. Nor shall they apply 
to any advisory committee composed wholly of persons from charitable, religious, educational, 
Civic, social welfare or other similar nonprofit organizations or to any local civic committee 
whose primary function is that of rendering a public service other than giving advice or mak- 
ing recommendations to the Government. 
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-04 It shall be the policy of the Department to provide the fullest possible public infor- 
nation concerning the work of advisory committees. 


SECTION 5. EFFECT ON OTHER ORDERS: 
This order supersedes Department Order No.114 of May 5, 1950. 
Kaw EES ensnay 


Secretary of Commerce 
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FEDERAL RADIATION COUNCIL 


July 6, 1960 


Dear Senator Anderson: 


We have received the copy of your request to Dr. Allen V. 
Astin, Director of the National Bureau of Standards, for 
information concerning the relationship between Bureau of 
Standards employees and the National Committee on Radiation 
Protection and Measurements. 


As I expressed in my testimony before the recent hearings 

of your Committee, "Radiation Protection Criteria and 
Standards: Their Basis and Use," it is the feeling of the 
Federal Radiation Council that the existence of a strong and 
independent National Committee on Radiation Protection and 
Measurements is a very important factor in the field of 
radiation protection. The Federal Radiation Council is 
anxious to see the NCRP continue its important work. 


The question of membership of Government agency employees 
on the NCRP is currently under consideration by the agencies 
with membership on the Council. We will be glad to inform 


the Joint Committee if the Federal Radiation Council takes 
any action which might affect such membership or the role 
of the NCRP. 


Sincerely yours, 


Arthur S. Flemming 
Chairman 


The Honorable Clinton P. Anderson 
Chairman, Joint Committee on Atomic Energy 
Congress of the United States 

Washington 25, D. C. 
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RELATIVE BIOLOGICAL EFFECTIVENESS* 


Statement prepared by 
V. P. Bond and J. L. Bateman 


Medical Research Center 
Brookhaven National Laboratory 


Upton, L. Te, N. Ye 


Prepared for hearings of the Joint Committee on Atomic Energy, Congress 


of the United States, May 24 = June 3, 1960. 


*Supported by the U. S, Atomic Energy Commission 
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Introduction 


Relative biological effectiveness (RBE) has been the subject 
of a number of publications, and material on the subject is sufficient in 
quantity to allow a large volume to be written. However, it is possible 
to present in relatively short summary fom the points considered to be 
most pertinent to the present hearings. In the present report the defini - 
tion of RBB, its determimation, its theoretical importance, the difficul - 
ties involved in its use, and values for health physics purposes are dis - 
cussed. The report will be limited basically to a consideration of work that 
bears more directly on mammalian RBE values, and it will not be possible to 
review the extensive and fundamental work that has been done with micro « 
organisms and plants, 

Definition of RBE 

It is generally recognized that absorbed dose is the single most 
important parameter determining the degree of biological effect from radiation 
exposure, This quantity indicates the total amount of energy absorbed per 
unit weight from the impinging radiation, and is expressed in tems of units 
of rads, where 1 rad = 100 ergs/gram. However it is also well known that, 
with different types of radiation (eege gamma vs neutron), or for the same 
type of radiation delivered at different energies, with all other physical 
and biological conditions identical insofar as is known, different quanti - 
ties of absorbed dose are required to produce the same degree of a given 


biological effect. This is equivalent in pharmacology to the fact that 


Similar drugs may require different dosages for the same degree of effect, 


and this difference is termed the “relative potency" of the two drugs, Simi-«- 
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larly, with ionizing radiation the difference in potency between two radia-— 
tions, or the same radiation at two different energy levels, is taken 
account of in the term RBE, More formally, the RBEB of a given radiation 
can be defined as the ratio of the absorbed dose of a “standard” radiation 
(usually X = or gamma radiation) to that of the subject or test radiation re - 
quired to elicit the same degree of a given biological effect (mortality rate, 
spleen — thymus atrophy, cataract formation, leukemia induction, etc).* 
Thus if the 5O per cent lethal dose of gamma radiation in mice is 750 rad, 
and that for fast neutrons of a given energy spectrum is 250 rad, then the RBE 
under the circumstances for the fast neutrons in question is 3. In general, 
all factors including dose rate are kept comparable for exposure to the two 
radiations. Under some circumstances, however, it becomes questionable whether 
the physical (rad) dose rate or the biological ("rem") dose rate should be 
kept comparable, 

The term RBB is intimately associated with the tem “roentgen 
equivalent man", or “rem”, and the term “RBB dose", The tems are intended 
to “normalize” the dose of radiations with different RBB values, and the ren, 
or RBE dose is numerically equivalent to the dose in r or rads multiplied by 
the RBB of the radiation. Thus 200 rads of fast neutrons of RBB 3 are 
“equivalent™ to 600 rads or rem of X = or gamma radiation (600 rad x RBB of 1). 
The terms rem and RBE dose are used primarily in health physics considerations, 
although they are comvenient in radiobiology as well, when the limitations 
thn alternate but less satisfactory and rarely used definition of RBB involves 


the ratio of degrees of biological effect for identical absorbed doses of 
different radiations, 
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are realized. 

The concept of RBE originated in the radiobiological literature 
(1-3), and in a strict sense it is applicable only under rather stringent 
experimental conditions. These conditions include uniform distribution of 
dose throughout the biological object, and an accurate knowledge of the ab « 
sorbed dose delivered. The term has been used widely, however, under circum . 
stances in which the absorbed dose is only poorly known or not known at all, 
and where the distribution of dose is unknown or markedly non < homogeneous, 
This has been responsible in part for the degree of disrepute into which the 
term has fallen. Actually, there is a need for three terms to span the 
meanings ascribed to “RBE", One is required for use in the strict radiobiologi 
cal context originally meant for the term. A second is required to cover 
those situations in which dose in the biological material is not, or is only 
poorly known, and in which dose distribution may be poorly known or unknown, 
A term to compare effectiveness of radiations under these conditions is re - 
quired practically. And of course, it is necessary to ascribe RBEB values for 
practical, daily use in Health Physics under conditions far from radiobiologi - 
cally strict, and it is necessary to have a term for these “legislated RBE‘s", 
These considerations are being deliberated by committees of the ICRP and NCR, 
and no terms will be designated here, 


Theoretical Importance of RBB 


The fact that RBE exists has considerable significance with regard 


to fundamental interactions of ionizing radiation, with tissue, and a great 


deal of study and thought has been devoted to the problem. ‘There is as yet no 


generally accepted theory to account for the primary actions of radiation that 
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lead to the effects or manifestations that are observed. The use of radia = 
tions with different RBE values (different LET, discussed below) represents 

a most powerful tool for investigation in this area, particularly when com - 
bined with changes in the immediate environment of the biological material 
(1<4). It must be recognized that energy from ionizing radiation is deposited 
in discrete events within tissue, and that absorbed dose in rads entails a 
macroscopic concept and always involves, to some degree, an averaging of 
energy deposited in discrete units. It is generally believed that the fact 

of RBE derives from differences in the manner in which radiation energy is 
deposited at a sub = microscopic level, although the precise mechanisms in = 
volved are far from being understood, Theoretically and from studies with 
gases it is well known that the lower the velocity and the greater the charge 
of an ionized particle*, the more densely packed are the ionizing events pro ~ 
duced, or the more energy is dissipated per unit length of track. The density 
of ionization has been described in terms of specific ionization, rate of 
energy loss (REL) or linear energy transfer (LET), with LET in most favored 
use in biology and medicine. 

It might be expected that if only one, or a given number of ionizing 
events within a given biological volume is required to produce a given bio - 
logical effect, then the RBB would increase with increasing LET, as the proba - 
bility of the required mumber of events occurring in a given volume increases, 
*Blectromagnetic rays produce the bulk of their ionization by means of 
secondary ionizing electrons resulting from electron shell interactions, 


Neutrons produce all of their ionization by means of nuclear interactions, 
with resultant charged particles, 
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As will be indicated below, this has been found to be true in many bio = 
logical systems studied. With further increasing LET, if only a given 
number of ionizing events per unit volume is required, a point of saturation 
would be expected to be reached beyond which some of the events would be 
“wasted™, and the RBE ~ LET curve would again begin to decline. This also 
has been observed in some systems, and is in accord with target theory (2), 
If RBE vs energy is considered, however, an additional factor must 


be taken into consideration. Even if the RBE vs LET curve should increase in. 


definitely, the RBE vs energy curve still should go through a maximum for any 


one type of radiation (5). This stems from the fact that the LET ~ energy 
curve must go through a maximum because at lower energies, or near the end 
of the “Bragg curve” for a single particle, the effective charge of the par - 
ticle becomes less and thus the rate of ionization is decreased. ‘The maxi « 
mum LET along the track of a single energetic proton is 93 kev/micron, and 
occurs when the energy has decreased to 80 kev. Thus a maximum appearing at 
low energies in an energy « RBE curve does not uSually indicate a saturation 
effect. The approximate energy at which a peak in a neutron energy = RBE 
curve might be expected has been calculated to be approximately 400 kev (6). 
Recently, in the course of experimental determination of LET using 
a spherical ionization chamber containing tissue equivalent gas at various 
pressures (6), it became evident that LET as an expression of the distritu « 
tion of energy deposition on a micro scale has serious limitations. The LET 
spectrum was found to vary with the size of the small volume of tissue being 
considered. In addition, the LET concept does not take into account ade ~ 


quately the behavior of secondary or delta rays. Rossi (5,6) has introduced 
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a new approach to correct to a degree the deficiencies of the LET concept. 
This involves a measurement and consideration of the dose distribution in "Y", 
defined as the size of an event within a small sphere of tissue (passage of 
one ionizing particle) divided by the sphere diameter. Y is expressed in 
kev/micron, as is LET, These measurements provide an approach for studying 
further the possible “target™ size in biological specimens. It remains to be 


seen to what degree this approach will shed additional light on the problem of RBE. 


Determination of RBE 

A variety of organisms and experimental conditions have been used in 
RBE studies. It is desirable that biological criteria of effect or “endpoints” 
that can be quantified be employed, and accurate dose measurements are of 
paramount importance. Data on low LET radiations is provided adequately by use 
of the “standard” X =~ or gamma radiations. For high LET studies, the most 
accurate technique involves the “single track segment" approach (1, 3, 4) in 
which microorganisms are exposed at various points along the "Bragg curve” 
of primary charged particles and thus can be exposed in narrowly - defined 
intervals of LET. Either alpha emitting isotopes, or protons, tritium, alpha 
particles or heavier stripped muclei accelerated in a cyclotron or similar 
machine can be used. Dosimetry under these conditions is frequently difficult, 
and the technique in general is limited to very small specimens, such as 
microorganisms, or cell cultures because of the poor penetrability of the 
densely ionizing particles. For high LET work with intact mammals, it is 
necesSary to use uncharged particles, neutroms, to obtain adequate penetration. 
Past neutrons have been generally used for this purpose, and a wide variation 


of energy of the recoil protons, and thus of LET can be obtained, Thermal 
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neutrons alone produce a 026 Mev recoil proton from collisions with nitro - 

gen atoms; however the inability to vary the energy of the heavy particles 

and the accompanying gamma radiation from interaction with the hydrogen in 

tissue produced a "mixed" radiation unsuitable for the general RBE studies, 
10 


1f either ri® or B- compounds are injected into mice just prior to exposure 


to thermal neutrons, a very high percentage of the dose delivered is due to 


3 
recoil H , He’, or Li’ particles of high LET (8, 9). 


Fast neutrons are produced easily over a wide energy range; however 
with most sources a very wide smear of fast neutron energies is produced, 
Even with a monoenergetic neutron beam, the neutrons are scattered within 
tissue. Recoil protons of varying energies are produced. Thus a “smear” of 
LET values results. The entire LET spectrum can be presented, or a mean 
value can be calculated. Obtaining a true average involves the formidable 
task of integrating over all possible distributions, including the change 
in LBT over the path length of each ionizing particle. 

By taking advantage of the penetrability of fast neutrons, it has 
been possible to obtain "RBB” values* in small, and large animals as well, 
These studies have included a variety of biological criteria, to be indicated 
below. 

It has not been possible as yet to obtain experimental RBB values 


for some of the very high energy charged particles encountered in cosmic 


radiation. 


¥In all studies other than with microorganisms, the question of to what 
degree the experimental conditions meet the exacting requirements for an RBB 
determination in the strict radiobiological sense must be considered. 
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Also, the determination and application of “RBEB“ values for alpha and 
beta rayS under conditions associated with the toxicity of internal 
emitters is particularly difficult. While RBE factors must be applied 
under these conditions, the additional uncertainties connected with the 
non = homogeneous and changing location of isotopes in tissue, local “hot 
spots", dose calculation, dose rate, extrapolation to man of results ob - 
tained in small animals etc., are formidable (10). Committees concerned 
with recommending on permissible doses for internal emitters (11) have 
made every effort to take into account the various uncertainties, which 


in some instances may outweigh in magnitude the “intrinsic” RBE factor. 


Experimental RBE Values obtained 


Extensive compilations of RBE values obtained by different in - 
vestigators are available (12-16), and little would be gained by including 
a Similar listing in the present report. A glance at these compilations 
shows that a wide range of RBE‘s has been obtained; however the values do 
tend to group and some indication of the numbers reported are indicated be - 
low: 

Beta rays or electrons of different energies have RBE values of 
the order that would be expected from the values for X = or gamma radiations 


producing their effect through electrons corresponding to that energy. Values 


for thermal neutrons depend on the exact method used in calculation, and 


are of the order of 3 for the recoil protons produced. Por fast neutrons 
the values depend on energy, and are of the order of 1.5 = 2.5 for neutrons 
at 14 Mev, with an apparent increase in values by a factor of approximately 


2 aS one goes to lower energies, In general, values for alpha particles 





708 RADIATION PROTECTION 


studied with small biological specimens have been high (of the order of 10); 


however values for recoil alpha and other heavy particles for acute effects 


in the mouse have been reported as low as 1g5 (8,9). For cataract product - 
ion, some reported RBE values have been higher than those for early effects, 
RBE values for leukemia induction with fast neutrons have been of the order 
of 2 (17). 

British investigators (18), using long-term or chronic exposure 
of mice, have obtained relatively high RBB values for fast neutrons, These 
values (compared to gamma radiation) are as follows: testis weight reduction, 
Sel to 9,7; impairment of male fertility, 6 to 7; impairment of female fer - 
tility, 3; and reduction in spleen weight, 7. These authors make the point 
that, “for RBE studies involving long - term exposure, the proper comparison 
is between dose rates of two radiations which produce an effect of the 
Same degree at the same time after the start of irradiation, rather than be - 
tween the accumulated doses required to produce an effect”, 

Appreciably different RBB values for a given radiation and bio - 
logical criterion have been obtained by different investigators, and with the 
Same investigator, different RBE values for the same type of radiation have 
been obtained depending on the criterion of effect chosen. Further, the 
value obtained may depend on environmental factors such as oxygen tension, 
state of hydration, etc. This apparent multiplicity and specificity of RBB 
values has been the cause of considerable discontent with the concept of RBB. 
The situation, however, probably is not as inconsistent as has frequently been 
made out, and RBE values have fallen into sufficiently well defined groups to 


allow guidance for health protection purposes, 
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RBE studies have been done by a large number of different investi - 
gators in different laboratories. Dosimetry with heavy particles, particularly 
neutrons, has been most difficult and only at present is it approaching the 
stage of development where adequate confidence in measurements is warranted. 

Thus a number of earlier studies must be held suspect. Many studies have been 
dome under circumstances that could not be expected to yield an RBE in the 
strict radiobiological sense. Both X = and gamma have been used as “standard” 
radiation, and there is an appreciable difference in effectiveness (exceeding 
1,25 in several instances) between some of the “standard” radiations employed, 

Studies performed by a single author or group, however, in which a 
single biological criterion has been studied over a wide range of LET values, 
have in general yielded RBB - LET curves of a continuous nature (1, 3, 4, 12-14). 
Attempts to compare RBE over a wide range of LET for early effects in the mouse 
have also indicated that the function may be continuous (15,16). 

RBE values for fast neutrons as a function of energy, for a variety 
of criteria in the mouse are indicated in Figel. The solid lines represent 
Studies with monoenergetic neutrons in one laboratory (19,5), using spleen - 
thymus weight loss in the mouse as the criterion of effect. The additional 
points on the graph, as indicated in the figure, represent values from comparable 
Studies in the mouse, obtained in other laboratories. It should be noted from 


the graph that RBE values tend to group by author, rather than by biological 


criterion of effect. This would tend to implicate differences in dosimetry 


and technique as cauSing apparent discrepancies, rather than marked diffezences 
depending on biological criterion. It would appear from these studies that RBB 
increases with LET (broken line in the graph) to very high values of LET for 


many mammalian criteria of effect. It is possible that RBB values with different 





710 RADIATION PROTECTION 


types of organisms, or perhaps different organs or cell systems within an 
organism may show different, but characteristic curves as a function of LET 
(1,3 54,12—16,19,27) and that each may exhibit a maximum at some character - 
istic interval of LET. However, systems showing a maximum at relatively low 
LET values have been limited to some microorganisms (1,3,4) and it is 
probable that with most if not all mammalian cells, a maximum will be found 


to occur at relatively high LET values. 


RBE Values for Health Protection Purposes 

Long-term exposure; delayed effects, It will be apparent that 
most health protection studies involve protracted exposure at low dose 
levels, and thus experimental RBE values obtained under these conditions 
apply most directly. Unfortunately, mainly because of practical considera - 
tions and/or because the studies have been dome principally for fundamental 
biological investigations, most studies have involved short-term observa - 
tions. The need for additional studies with long-term exposure, or for addi- 


tional fundamental work to aid in formulating a satisfactory theory that will 


allow prediction of RBE values under vari0Oug conditions is apparent. It is 


also obvious that values obtained on human beings would be most applicable; 
however only a few studies on human beings, using short - term effects, are 
available*. It would also seem necessary, to insure adequate protection, 
that the highest reasonably - well substantiated values obtained, involving 
the most susceptible tissue in this regard, should be used in setting RBE 
values to be used in health protection work. It appears that the criteria 
values for X, or gamma, beta and fast neutron irradiation in man, using 


various criteria for skin damage, and lymphocyte depression, are comparable 
to the RBE values for short = term effects obtained in mammals (15). 
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which may show the highest RBE values in gencral are spermatogonia deple - 
tion, and cataract formation. 

The RBE values recommended by the ICRP and the NCRP for health 
protection studies are shown in Table 1 (28). The values are given in the 
reference only in terms of the LET interval, rather than in terms of a 
specific radiation type or types. The reason for this is that a given type 
of radiation may fall anywhere in a wide range of LET values, depending on 
its energy or velocity (even the very high LET values associated with stripped 
carbon nuclei may become relatively low if these nuclei are accelerated to 
sufficiently high velocities). Im general, the low LET (3,5 or less) region 
includes most X = and y rays commonly encountered, as well as the heavier 
charged particles accelerated to the region of hundreds of Mev. The regions 
of 3,5 to 53 kevAnicron include most fast neutrons, of decreasing energy with 
increasing LET values. Above 53 kevAnicron includes fast neutrons in the low 
enersy range, and heavier ionized particulate radiation in the energy range 
of a few Mev. For many purposes of health protection, RBE values used have 
been 1 for beta, X = or gamma radiation, 10 for fast neutrons and alpha par - 
ticles, and 20 for heavier recoil nuclei. In general, in the interest of 
maximum safety, RBE values recommended have been in keeping with the highest 
values determined experimentally. 

Short-term exposure, acute effects, In laboratory or industrial 
accidents, and in nuclear warfare involving external exposure to fast neutrons, 


the question of the “RBE” value to be applied to fast neutrons arises. Al = 


though the neutron spectrum will vary with circumstances, in general it is 


of the order of the Watt fission spectrum (29) with an average energy of 1 


Mev. The question of immediate concern is the short - term or “acute” effects 
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on man, and the circumstances thus are obviously completely different from 
those surrounding most health physics work. It might be thought that RBB 
values for acute mortality determined in the mouse or the dog might pertain; 
however these values do not apply to man directly. 

The small size of the mouse allows essentially uniform irradiation 
of the entire body even with relatively non - penetrating radiations. The 
RBB values for acute mortality, for uniform distribution of dose and on the 
basis of absorbed dose or rads, are of the order of 1,5 to 2, (15,16). In 
the dog, however, in which essentially uniform irradiation of tissues can be 
obtained by means of bilateral exposure, RBEB values on the basis of two 
separate experiments have been approximately one (30,31)- The situation 
pertaining in accidents involving neutron radiation differ in the following 
respects from the animal work: the radiation is delivered usually from one 
side (not bilateral exposure as with the dog experiments). Thus, because of 
limited penetrability of neutrons in the fission energy range, the dose falls 
off rapidly in tissue and the dose is markedly non ~- uniform throughout the 
body (the dose on the side away from the beam entry point may be less than 10 
per cent of the entrance dose). The neutron dose r@orted in accidents, 


because of practical reasons, is the dose derived from flux measurements in 


air at the “front” surface of the body, corresponds to the “air dose” used 


for X = or gamma radiations, These factors - lack of penetrability and non «+ 
uniformity of dose = combine to render the neutrons under these conditions less 
effective than under conditions of the dog exposures referred to, and certainly 
less than for the mouse. It is difficult to evaluate quantitatively the degret 
to which neutrons are effective under these circumstances. However it is cleat 


that the "RBB” values of 1,5 to 2 for mice do not apply to man under these cir- 
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cumstances, that certainly the effectiveness of neutrons (first collision 
dose) compared to ganma radiation is no greater than one, and that most 


probably it is approximately 0.5. 


SUMMARY 
The definition, theoretical importance and practical applica - 


tions of relative biological effectiveness (RBE) is discussed. Several 


different meanings are ascribed to the term, and a revision in terminology 


is indicated. Discrepancies exist among reported RBE values. Some of the 
apparent discrepancies may diSappear as improved dosimetric and other 
techniques are applied. Reported RBE values have served as a basis for 
recommendations on health protection studies. Most RBE studies have in ~ 
volved large short-tem exposures and early effects. Health protection is 
concerned mainly with long - term exposures and late effects, and the need 
for further considerations in this direction is pointed out. The RBE for 
fast neutrons in man, under circumstances of an accident involving nuclear 


fission is discussed, 
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TABLE 1 


RBE VALUES RECOMMENDED SY THE ICRP AND NCRP FOR HEALTH PROTSCTION WORK* 


Average LET, 
kev/nicron, RBE value 


in “critical recommended 
organ”. 


325 or less 


3-5 to 7 


720 to 23 


23 to 53 


53 .to 175 


*From reference 27 
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APPENDIX 12 


STATEMENT PRESENTED BY THE U.S. DEPARTMENT OF THE INTERIOR 


UNITED STATES 
act DEPARTMENT OF THE INTERIOR 
: : OFFICE OF THE SECRETARY 
WASHINGTON 25, D. C. 


MAY6 1960 


Dear Mr. Holifield: 


This is in further response to your invitation of March 24, 1960, to 
the Director, Bureau of Mines, to provide a brief statement for the 
public hearings to be held by the Special Radiation Subcommittee of 
the Joint Committee on Atomic Energy on the subject, "Radiation 
Protection Criteria and Standards: Their Basis and Use." 


In a letter of April 8, 1960, to you, it was stated that the Department 
of the Interior would bring up to date the information provided for the 
hearings on Federal-State Relationships. After a review of what is 
requested and the material provided for the earlier hearings, the 


Department finds that with a minor addition the statement of September 11, 
1958, to Senator Clinton P. Anderson defines the present situation. 

That statement, with its enclosures, and the supplemental material are 
submitted. 


Sineer, yours, 


zx 

Assistamy Secretary of the Interjor _ - 
Hon. Chet Holifield UY 
Chairman 
Special Subcoumittee on Radiation 
Joint Committee on Atomic Energy 
United States Congress 
Washington 25, D. C. 


Enclosures 5 
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MATERIAL SUPPLEMENTAL TO STATEMENT OF SEPTEMBER 11, 1958, 
TO SENATOR CLINTON P. ANDERSON 


On the basis of an informal arrangement made with the 
Division of Raw Materials of the Atomic Energy Commission in June 
1959 the Bureau of Mines is conducting inspections of uranium mines 
operated on land leased from the Atomic Energy Commission. All 
active mines have been inspected and re-inspections have been started. 


The enclosed paper on Bureau of Mines Inspection of Uranium 
Mines on Indian Land presents the current status of that activity. 
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OPT UNITED STATES SORT 
DEPARTMENT OF THE INTERIOR 


OFFICE OF THE SECRETARY 
WASHINGTON 25, D. C. 


September 11, 1958 


Dear Senator Anderson: 


The Joint Committee on Atomic Energy's investigation of Federal-Stete 
relationships in regulating radiation hazards, as described in your 
letter of August 25, 1958, to the Director, Bureau of Mines, should 
provide interesting ad timely results. 


Health and safety measures to be followed by Bureau of Mines personnel 
for protection against radiation hazards have been set forth in Bure 
of Mines Manual Chapter 395.2, Protection Against Ionizing Radiatioca, 

a copy of which is enclosed. Provisions are made in the chapter for 
the establishment of standards for the protection of individuals exposed 
to radiation hazerds emanating from Bureau of Mines activities in the 
field of radicactive materials or with radiation producing equipment. 


The Bureau's radiation protection policies conform to the established 
regulations of the Atomic Energy Commission (issued as Title 10, Part 
20 of the Code of Federal Regulations) end amendments thereof. State, 
county, end local laws governing the safe handling of radicactive 
materials are recognized by the Bureau: also, so long as such regula- 
tions sre not incconflict with existing AEC regulations. Every effert 
is made by the Bureau to cooperate with civil agencies in developing aé 
administering these laws. 


Under providions of Chapter 395.2, Bureaw Station or Unit Radiatica 
Safety Supervisors are designated at each locale utilising radicactive 
materials. It is the responsibility of these Supervisors to prepare 
& summary report of daily inspections, weekly area surveys, and 
individual personnel exposure, es well as provide data om procurement, 
transfer, storage, end disposal of radioactive materials and ica 
producing media. This information is submitted monthly to the 
esthorities on Bureau of Mines Form 6-584, Radiatica Repert, «a 

of which is shown as Illustration 1 of Chapter 395.2. The 

Safety Supervisors also insure that periodic medical exeninat 

given each Bureau employee working with radioactive materials 


The health-safety measures set forth in Chapter 395.2, and 
Mines Form 6-584, Rediation Report, have been reviewed by the 
Energy Commission and found to comply with AEC policy fer rediat 
protection. 
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SOPRY CORY 


The Bureau is at present conducting a program in cooperation with 
industry, State agencies, and the Public Health Service to establish 
criteria for the protection of uranium and thorium miners against 
underground radiation hazards. In this regard, the Bureau has in- 
spected uranium mines on Indian Lands and those on Public Domain 

leased from the Geological Survey to determine the adequacy of ventila- 
tion and dust control procedures to insure safe working conditions. 


The Stetes of Colorado, Utah, and New Mexico--major producers of 
uranium ore--have promulgated laws to protect operators of mines 
where radioactivity may be present in the workings. The Bureau of 
Mines recommends, in the interest of mine safety, that all parties 
concerned with mining familiarize themselves with these State laws 
and comply with them. Excerpts from the regulations of the three 
States are found in Bureau of Mines Information Circular 7834, 
Engineering Control of Health and Safety Hazards in Uranium Mines, 
which you will find enclosed. 


Sincerely yours, 


(Sgd.) Royce A. Hardy 
Assistant Secretary of the Interior 


Hon. Clinton P. Anderson 
United States Senate 
Washington 25, D. C. 


Baclosures 2 
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DEPARTMENT OF THE INTERIOR 


INFORMATION SERVICE 


For Release on Delivery 


For Release to PM's, APRIL 21, 1960 


ADDRESS BY JAMES WESTFIELD, ASSISTANT DIRECTOR--HEALTH AND SAFETY, BUREAU OF MINES, 
DEPARTMENT OF THE INTERIOR, SCHEDULED FOR PRESENTATION TO 63RD NATIONAL WESTERN MINING 
AND ENERGY CONFERENCE, SPONSORED BY COLORADO MINING ASSOCIATION, DENVER CHAMBER OF 
COMMERCE, UNITED URANIUM INDUSTRY COMMITTEE, AND AFFILIATED GROUPS, DENVER, COLORADO, 
APRIL 21, 1960 


BUREAU OF MINES INSPECTION OF URANIUM MINES ON INDIAN LAND 


INTRODUCTION 


One of the advisory responsibilities of the Bureau of Mines is the inspection of 
mines on Indian lands. In conducting these inspections the Bureau evaluates all con- 
ditions that are related to safety of operations, but since this paper is directed 
mainly to discussion of possible hazards from radiation in uranium mining on Indian 
lands, detailed comments on over-all safety problems will not be presented. 


In common with other agencies involved with occupational health, the Bureau of 
Mines is aware that the presence of radon and its radioactive decay products in the 
air of uramium mines may constitute a potential hazard to the health of mine workers. 
Concern over this possible hazard has stemmed largely from reported experience in 
certain European mining areas where ores containing radioactive materials are 
extracted. The situations in the United States and Europe are not exactly parallel, 
however, because the European ore bodies contain a variety of elements, some of 
which are potentially harmful, that are not associated with the uranium ores now 
produced in the United States. 


Thus far the Bureau of Mines has inspected 95 uranium mines on Indian lands. 
Fifty-nine of these mines were underground operations, and 36 were opencut. Some of 
these mines have been worked out since the earlier inspections, and now are abandoned. 
Frequency of inspections by the Bureau was increased during 1958 and 1959, and the 
discussion today relates mainly to inspections conducted during the past two years. 


URANIUM MINES ON INDIAN LANDS IN ARIZONA AND NEW MEXICO 


The typical underground uranium mine on Indian land is a small operation with 
intermittent production and variable ore quality. On the average, the ore is rather 
low-grade. This tends to decrease possible hazards from radon and other radioactive 
decay products of the parent uranium. Only 7 of the active underground mines 
inspected during 1959 employed 10 or more men. Mining is by open-stope methods with 
irregular pillars, and, occasionally, rock-bolt ground support. Most of the shaft 
mines have only one manway opening and employ boreholes from the surface to assist 
ventilation. About half the operations rely solely on natural ventilation. 


Most of the opencut mines are in small deposits in Coconino County, Arizona, 
in the vicinity of Cameron. Because of their proximity to each other and their 
rather short productive lives, these small operations lend themselves to profitable 
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mining by being worked in groups. By using mobile equipment and coordinated work 
procedures with small operating forces, drilling and blasting may be conducted at 

one pit while broken ore is being loaded at another. Ovcrhead costs may be kept 

down by central location of shops, explosives magazines, and other necessary facilities. 


During 1959, the Bureau of Mines inspected 60 uranium mines on Indian lands in 
Arizona and New Mexico. Thirty-three of these mines were opencut operations employing 
a total of 438 men, and 27 were underground mines employing 210 men, of whom 162 
worked underground. Four of the underground mines were visited for final inspections 
before abandonment. Production from these SO mines in 1958 was 1.4 million tons of 
uranium ores, or about 27 percent of the total uranium production in the United States 
that year. About nine-tenths of the production from mines on Indian lands came from 
one opencut operation in New Mexico; the remaining output divided about equally 
between underground and opencut operations. 


SURVEYS BY BUREAU OF MINES 
Evaluation of Radiation Levels 


Radon gas and its solid decay products, some of which emit alpha particles 
capable of causing undesirable radiation exposure if inhaled, are of chief concern 
in assessing radiation levels in uranium mines. These materials are sampled and 
measured during Bureau of a inspections by methods recommended by the United 

tates Public Health Service./ Radon gas also may be measured to provide a basis 
for estimating requirements for safe ventilation. 


In addition to uranium, these ores contain all the other elements that result 
from radioactive decay, some of which emit gamma rays, which are similar to X-rays 
and could cause undesirable total-body radiation exposure. For this reason, an 
inspection includes an overall measurement of existing gamma radiation, although 
to date no excessive levels of gamma radiation have been observed. 


Interpretation of Radiation Measurements 
The United States Public Health Service?/ has suggested a “working level" for 


estimating possible hazards from the decay products of radon in the air of uranium 
mines. This guide is intended as an interim engineering yardstick until time permits 
development of more information on the subject. Since emission of alpha particles 

by some of the decay products of radon presents the most serious hazard, the 
suggested working level is expressed as 1.3 x 10? million electron volts of potential 
alpha energy per liter of air. This level is equivalent to a total concentration of 
300 micromicrocuries of the decay products of radon per liter of air. 


In evaluating radiation resulting from the presence of radon decay products 
in wranium mines, and in recommending control measures--principally increased 
ventilation to reduce possible hazards from this source--the Bureau of Mines uses 


Holaday, D. A., Rushing, D. E., Coleman, R. D., Woolrich, P. F., Kusnetz, H. L., 
and Bale, W. F., Control of Radon and Daughters in Uranium Mines and Calculations 
on Biologic Effects. U. S. Public Health Service Publication No. 4O4, 1957, 81 pp. 
Work cited. Footnote l. 
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the working level sugested by the Public Health Service as a practicable tentative 
standard upon which to base such recommendations. The evaluation of the hazards 

is limited to consideration of environmental levels, individual exposures are not 
evaluated. In most wranium mines on Indian land the Bureau of Mines has found that 
the quantity of -entilation required to attain the suggested working level is 
economically feasible and is no more than would be needed in other types of mining 
operations to control siliceous dust and to remove other contaminants, such as 
gases produced by blasting or created by diesel-powered equipment. 


Results of Inspections 
Opencut Mines 


Exposure to radon and its radioactive decay products does not present a problem 
in opencut mines. In three underground mines where high concentrations of radon 
daughters had been found consistently, ranging from 10 to more than 200 times the 
suguested working level, this potential hazard was eliminated when the operations 
were converted from underground to opencut mining for economic purposes. Significant 
levels of gamma radiation have not been detected in opencut mines. 


Underground Mines 


The 27 underground mines visited since December 1958 were inspected a total of 
76 times by Bureau of Mines engineers. 


Gamma radiation in these mines did not present a hazard. 


One hundred and nineteen millipore filter samples of radon daughter products 
were collected during these inspections in main aircourses, in stope face areas, 
and in development face areas. In three of the mines no radon daughter concentrations 
were found above the suggested working level; 6 mines had concentrations from 1 to 
3 times the working level; 4 mines had concentrations ranging from 3 to 10 times the 
working level; and 6 mines had radon daughter concentrations above 10 times the working 
level. 


In mines where the suggested working level is exceeded the Bureau of Mines has 
recommended increased and properly coursed ventilation as the corrective measure. 
Where applicable, recommendations are made for sealing off abandoned stopes through 
which ventilating air becomes unnecessarily contaminated. In most cases where 
mechanical ventilation has been installed to augment natural ventilation or to pro- 
vide more effective air movement, radon daughter concentrations have been notably 
lowered. In one mine, radon daughter concentration in the return air was cut from 
30 to 3 times the suggested working level by using the fresh air available at the 
shaft bottom. Construction of better stoppings, as recommended by Bureau engineers, 
prevented excessive leakage and directed more air to the mine's active workings. 

The radiation level decreased from 24 to 4 times the suggested working level at the 
farthest development face. Similar reductions of radiation concentrations have been 
accomplished at other mines through adoption of recommendations relating to ventila- 
tion. However, Bureau engineers have observed that mechanical ventilation is not 
always used continuously. In fact, in mines where fans are operated only 2 to 4 hours 
a@ day, some samples have shown that radon daughter products can build up to 
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excessive levels in stope areas, approaching equilibrium levels that would exist 
if only natural ventilation vas relied upon. 


Liberation of radon from the strata and generation of its daughter products 
in mine air are continuous processes. The only sure means of reducing radon 
daughter concentrations to acceptavle levels in underground mines is by continuous 
supply and movement of sufficient air to dilute and remove contamination by radon 
and its products. 


Bureau of Mines reports on 75 recent inspections of 27 underground uranium 
mines on Indian land have included recommendations for improvement of various 
conditions concerning health and safety. Of these recommendations, only 27 have 
been necessary in respect to radiation levels, and reinspections thus far have shown 
that about half these recommendations have been adopted by installation of 
mechanical ventilation, by more effective coursing of ventilation to working areas, 
or through conversion from underground to opencut mining. Since early 1958, Bureau 
of Mines inspection reports have included calculated estimates of the quantity of 
ventilation that would be required in a particular mine to reduce radiation to the 
suggested working level. The value of these specific engineering data has been 
made evident since that time by the number of mine operators who have endeavored 
to comply with these recommendations by installation of mechanical ventilation 
equipment. 


SUMMARY 


In conclusion, progress has been made in reducing radiation hazards in under- 
ground uranium mines on Indian lands through adoption of mechanical ventilation in 
accordance with recommendations of the Bureau of Mines. However, more attention 
must be given to those mines that still rely upon natural ventilation and to those 
that are not using mechanical ventilation effectively. Response to recommendations 
on other matters regarding safety has been encouraging. 


We believe that continued safety educational programs, such as those of the 
Bureau of Mines and the United States Public Health Service, which use information 


developed through inspection and investigation as the basis for recommendations, 
will provide the principal and most effective stimulus for improving and maintaining 
health and safety conditions in uranium mines. 








~— RADIATION PROTECTION 


UNITED STATES 
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1. MATERIAL TRANSMITTED: 
Administration Series - Personnel 


Revision of Chapter 395.2, Protection Against Ionizing 
Radiation 


Remove Superseded Sheets 





Table of Contents for Chapter 395.2 Table of Contents for 

(1 sheet) Chapter 395.2 (1 sheet) 

Chapter 395.2 (4 sheets) Text of Chapter 395.2 
(4 sheets) 


Illus. 1, Radiation Report 
(3 sheets) 


2. PEN AND INK CHANGES: 


None. 
3. GENERAL INFORMATION: 


This revision permits the Assistant Director--Health and Safety, | 
the Assistant Director--Helium, and Regional Directors to authorize 
the Station Superintendent to designate Station or Unit Radiation 
Supervisors. These designations shall be made with the concurrence 
of the appropriate Assistant Director or Regional Director. 


This revision also provides for the submission of the monthly 
report on Form 6-584, Radiation Report (see Illustration 1). An 
initial supply of these forms has been forwarded for use in Bureau 
field offices and supplemental orders of Form 6-584 should be requi- 
sitioned in the usual manner. 
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For the readers' convenience, all revised portions of this 
chapter are indicated by asterisks in the text. 


QRIGIN AND CL E: 


This release was prepared by the Branch of Personnel and the 
task force appointed to formulate Bureau policy and procedures for 
the safe handling of radioactive materials. 


Kh a. nhl 


Deputy Director 
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NA N 
1 Introduction. This chapter covers health and safety measures to be 
followed by Bureau personnel for protection against radiation hazards 
arising from use of radioactive materials and other radiation produc- 
ing media. 





Policy. It shall be the policy of the Bureau to conform to estab- 
lished regulations of the Atomic Energy Commission and amendments 
thereof, which prescribe the limits governing exposure of personnel 
to radiation, concentrations of radioactive material that may be 
discharged into air and water, and disposal of radioactive wastes, 
as well as certain precautionary procedures and administrative con- 
trols. Current A.E.C. regulations, 10 CFR 1.20, shall be complied 
with, 














The Bureau shall recognize State, county, and local laws governing 
the handling and safe use of radioactive materials when and where 
such regulations are not in conflict with existing A.E.C. rules and 
regulations. Every effort shall be made to cooperate with the agen- 
cies administering these laws. 





Scope. The provisions of this chapter are for the establishment of 
standards for protection of persons exposed to radiation hazards 
emanating from Bureau of Mines activities in the field of radio- 
active materials or with radiation-producing equipment and shall 
apply to all employees of the Bureau of Mines. 












Responsibility. 


*A. The Assistant Director--Health and Safety, the Assistant 
Director--Helium, and Regional Directors *shall authorize 
and direct the Station Superintendents to designate a Sta- 
tion or Unit Radiation Safety Supervisor. These designa- 
tions shall be made with the concurrence of the appropriate 
Assistant Director or Regional Director. These supervisors 
shall be responsible for safety in all operations involving 
ionizing radiation at the locality and for compliance with 

the provisions of this chapter.* 









The Office of the Assistant Director--Programs shall be 
responsible for the following: 









(1) Approval of all construction projects involving space in 
which radioactive materials will be utilized and radiation- 
producing media installed, including location of the work 
place, layout and design of equipment and facilities, and 
proposed operating procedures. Current projects, not 


12/2/57 Rel. No. 158 
Supersedes 6/25/57 
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previously approved with respect to radiological safety, 
shall be submitted with complete information including loca- 
tion of work place, layout and design of equipment and 
facilities and existing operating procedures, 


(2) Approval of employee radiation safety training programs which 
shall be concurred with or initiated by the Chief, Division 
of Administration. 


(3) Concurrence with procedures for area radiation surveys, per- 
sonnel monitoring, and the keeping of exposure and health 
records which shall be established with the knowledge and 
guidance of the Chief, Division of Administration. 


(4) Concurrence with protective health practices and controls 
which shall be initiated under the guidance and general 
supervision of the Chief, Division of Health. 


(5) Awareness of the results of periodic inspections by the 
Bureau Safety Engineer for station compliance with radia- 
tion safety regulations and by the Chief, Division of 
Health for station compliance with health practices and 
controls. 


(6) Coordinating radiation accident prevention communications 
initiated by the Chief, Division of Administration, and 
health practices and controls communications initiated by 
the Chief, Division of Health. 


*(7) General knowledge of types, intensities and quantities of 
radioactive materials and radiation-producing media being 
utilized at Bureau stations.* 


C. The Chief, Division of Administration shall: 


(1) Evaluate for potential hazards all proposed construction 
involving space in which radioactive materials will be 
utilized and radiation-producing media installed, including 
location of the work place, layout and design of equipment 
and facilities, and proposed operating facilities. Review, 
from the standpoint of radiological safety, current projects 
and their operating procedures and make appropriate 
recommendations. 


12/2/57 Rel. No. 158 
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Provide guidance and assistance for employee radiation 
safety training program. 


Provide guidance and assistance in setting up procedures 
for area radiation surveys, personnel monitoring, and 
exposure record keeping. 


Make periodic inspections of facilities for compliance with 
radiation safety regulations. 


Furnish the Office of the Assistant Director--Programs: 


(a) Appraisals of the adequacy of the qualifications and 
performancesof radiation safety supervisors; 


(b) A monthly summary of inspection and survey reports 
received from Radiation Safety Supervisors. 


Immediately notify the Office of the Assistant Director-- 
Programs, and the Chief, Division of Health, of any 
reported emergency situations. 


Maintain a record of all *radioactive materials and 
radiation-producing media,* including their location, 
specification and *disposition* to be compiled from 
reports submitted by Radiation Safety Supervisors. 


Maintain a file of medical records submitted by the Radi- 
ation Safety Supervisors. 


The Chief, Division of Health, under the supervision of the 
Assistant Director--Health and Safety, shall be responsible for 
general supervision and guidance of health practices and con- 
trols where radiation hazards exist. He shall recommend to the 
Assistant Director--Programs in collaboration with the Chief, 
Division of Administration, any recommendation for the further 
health protection of workers exposed to radioactive materials 
or processes beyond the basic procedures established in 395.2.5. 


The Station or Unit Radiation Safety Supervisor shall be respon- 
sible for: 
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The application of the provisions of this chapter for the 
radiological safety and health protection of station 
personnel, 


Instruction and training in the safe handling of radio- 
active materials and radiation producing media of any per- 
sonnel exposed to radiation hazards; and the adequacy of 
training, knowledge of hazards and competency of personnel 
who may be exposed to radiation. 


The provision and employment of adequate personnel moni- 
toring devices and methods and suitable record keeping 
thereof. 


The employment of adequate area survey monitoring methods: 


(a) Daily inspection of premises and operations with 
scope and intent depending upon potential hazards. 


*(b) Weekly surveys with appropriate monitoring 
devices of all radiation areas *where operations 
are in progress or were terminated in the previous 
week,* and areas where the possibility of contam- 
ination exists and recording of the results. 


Maintaining a record of the procurement, transfer, storage, 
and disposal of radioactive materials and radiation- 
producing media, 


Seeing that specified medical examinations are made and 
that instructions from the Chief, Division of Health, are 
complied with. 


Application of accident prevention communications fram the 
Chief, Division of Administration, and health practices and 
control communications initiated by the Chief, Division of 
Health. 


Reports and information to be submitted to the Chief, Divi- 
sion of Administration through appropriate channels: 


(a) Written operating procedures proposed to be used for 
contemplated work with radioactive materials and 
proposed radiological safety equipment to be used. 
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*(b) A summary report of daily inspections, weekly area 
surveys, and individual personnel exposure. Report 
monthly on *Form 6-584, Radiation Report. (See 

Illustration 1.)* 







(c) An immediate report of any case of personnel exposure 
above the permissible limit, an increase in radio- 
activity beyond the tolerance levels or any other 


incident creating a hazard. 

















*(d) *Report on Form 6-584, Radiation Report, all procure- 
ment, transfer, storage, and disposal of radioactive 
materials and radiation-producing media.* 





(e) A copy of each mdical examination and other pertinent 
individual health records shall be sent to the Chief, 
Division of Administration for permanent record and 

availability of the Chief, Division of Health. 


F. Designated safety personnel and safety committees shall assist 
the Radiation Safety Supervisors and coordinate all accident 
prevention activities at the various administrative levels. 





Medical Aspects. Each employee working with radioactive materials or 
radiation producing media shall have a careful physical examination 
before and after such employment and at least at yearly intervals 
during such employment. After any emergency situation resulting in 
exposure above the permissible limit, additional physical examina- 
tions may be required. If average survey results are unduly high or 
if film badge readings continue high, additional periodic examinations 
may be required. The clinical history and physical examinations, 
blood counts, and other laboratory work should be based upon the 
latest available medical information and recommendations which may be 
revised from time to time. 




















The initial examination should include a complete blood count, urinal- 
ysis, observation of skin, hair and fingernails, X-ray examination of 
the chest, and a detailed clinical history, including an evaluation 

of evidence of previous exposure to radiation. Blood counts may be 
important to serve as a base line for an exposed group, as one of the 
first clinical laboratory signs reflecting radiation exposure may be 

a lowering of certain types of white blood cells, and later of red 
blood cells. 
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TER 395.2 PROTECTION AGAINST IONIZING RADIATION 


*In adcition to Standard Form 78, "Certificate of Medical Examina- 
tion," the examining physician should be provided with the informa- 
tion contained in the preceding paragraph which specifies certain 
items that must be considered in the examination, Sections 9 and 10 
of the Health Qualification Placement Record of S. F. 78 (see Illus- 
tration 1 of Chapter 379.4) should contain a brief outline of what 
the employee does on the job and the physical demands of the position 
should be indicated by encircling the appropriate numbers. "Radio- 
active Materials," should be added to Item #15 in Section 10, and any 
unlisted pertinent factors should be added in the numbered blank 
spaces and the numbers circled. (See paragraphs 379.4.5, .6, .7, and 
.8.)% 


-6 Fire Prevention - Fire Fighting. Rigid fire prevention measures shall 
be adopted and adequate fire protection for the hazards involved shall 
be provided and properly maintained. Employee fire fighting training 
shall be in accord with A.E.C. Technical Bulletin No. 4, "Radiation 
Hazards in Fire-Fighting." In locations where municipal or other out- 
side fire departments may be called upon for assistance, these agen- 
cies must be informed of the radiation hazardous areas and specific 
regulations regarding fire fighting in such areas, 


-7 General. Good personal hygiene and plant housekeeping must be main- 


tained. Personal protective equipment shsll be provided and used 
according to the degree of protection required. 


-8 Standards and Handbooks. The following standards and handbooks are 
recommended sources of general information and pertinent references 
in radiation safety: 

the National Buresu of Standards: 


ww. 42 Safe Handling of Radioactive Isotopes 


No. 48 Conirol and Removal of Radioactive Contamination 
in Laboratories 


No. 49 Recommendations for Waste Disposal of Phosphorous-32 
and Iodine-131 for Medical Users 


No. 50 X-ray Protection Design 


No. 51 Radiological Monitoring Methods and Instruments 
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CHAPTER 2 N_A T t 
is * No. 52 Maximum Permissible Amounts of Radioisotopes in the 
ma- Human Body and Maximum Permissible Concentrations in Air 


in and Water 


1d 10 No. 
lus- 

at No. 54 Protection Against Radiations from Radium, Cobalt-60 
sition and Cesium-137 (Revision of H 23) 

ae No. 55 Protection Against Betatron-Synchrotron Radiations 

c , Up to 100 Million Electron Valts 


53 Recommendations for the Disposal of Carbon-14 Wastes 


7, and No. 57 Photographic Dosimetry of X- and Gamma Rays 


No. 58 Radioactive-Waste Disposal in the Ocean 
s shall 
4 shall No. 59 Permissible Dose from External Sources of Ionizing 
aining Radiation 
tion No. 60 X-ray Protection (Revision of H 41) 
er out- 
agen- No. 61 Regulation of Radiation Exposure by Legislative Means 
om No. 62 Report of the International Commission of Radiological 
Units and Measurements (ICRU) 1956 


Handbook of Federal Regulations Applying to Transportation of 
Radioactive Materials 


AEC, Isotopes Division Circular B-4, Some Practical Considerations 
in Radiation Shielding 


Naval Research Laboratory, Radiological Safety Regulations, Revised 
1955 


National Fire Protection Association, Recommended Safe Practice for 
Laboratories Handling Radioactive Materials 


Safety and Fire Protection Technical Bulletin No. 4, Radiation 
Hazards in Firefighting. 


Recommendation of the National Committee on Radiation Protection. 
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Illus. 1 (Con,) 


CHAPTER 395.2 PROTECTION AGAINST IONIZ 


RADIATION REPORT (Con,) 


Form 6-58) (Aug. '57) Page 5 of 5 


INSTRUCTIONS 


This report must be submitted monthly as required by Chapter 395.2.4(8)A, B, C, 
D, E, Protection Against Ionizing Radiation. 


Tos Bureau Safety Engineer, Branch of Personnel, Division of 
Administration, Washington, D. C., through appropriate channels 


When: Within 10 days after the end of each month 


Negative reports: After the initial report, a negative report mst be submitted 
for any month in which the provisions of Chapter 395.2 do not apply. When the 
activity is discontinued a final report with the date of discontinuance clearly 
indicated, must be submitted. Use #1, page 1, for statement, "No report re- 
quired," sign and date on page l. 


Under Item 1, page 1, and Item 2(b), pages 1 and 2, use the ) check spaces to 
indicate weeks of the month. Dates must be supplied when explanations are neces- 
sary (non-Bureau personnel to be included). 


Item 2(b). = Weekly survey does not eliminate the need for continuous air monitor- 
ing and frequent surface monitoring during laboratory operations. Should hazard- 
ous contamination be determined, immediate corrective action must be taken. 


Levels of radioactivity at specific points should be measured after completion 


of work at week's end and after all radioactive sources have been fully shielded 
and in storage facilities. 


Item 3(a), (b), and (c). = Include curie and maximum energy data where applica- 
ble--and significant--for example, these data would not be necessary for uranium 
and thorium metal. Maximum energy of the radioactive material in the case of 
gamma radiation is that energy which occurs to an extent of 5% or more of the 


total. If figure for maximum energy cannot be determined, indicate if high, 
medium, or low. 


Quantity of material refers to physical measurement in grams, liters, and the 


like. Please be specific. Form of material means whether powder, liquid, rod, 
pellet, wire, etc. 


Item 3(e). Radiation produced in X-ray machines, etc., should be measured at 
operator's position to ascertain personnel exposure rates to scattered radiation. 
If other persons normally work in this room, measurements should be taken at 


their locations to insure that they are not subjected to excessive cumlative 
doses. 


Medical Examination, Item 5, page h: Attach copies of medical examinations. 


Employees should be instructed to report any medical or dental X-rays taken 


during the course of their employment to the Radiation Safety Supervisor. 
Record under "Remarks", 


If additional space is needed, use 8 x 10-1/2-inch sheet. 
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SUMMARY AND INTRODUCTION 


Uranium activity has introduced a comparatively new hazard to United States 
mining. In addition to the hazards common to all mines, uranium mines have a com- 
plex health problem of radiation damage. Like many new processes, radiation and 
nuclear energy can be made to serve man in many useful ways when properly understood 
and handled; but, like fire, gases, and electricity, their potential dangers must be 
known and respected, and appropriate precautions must be taken or death may result. 


Since 1950 the Public Health Service has been conducting basic investigations 
on exposure to radon and its daughter products and the effect of exposure upon 
the health of miners in uranium mines of the Western States. The Bureau of Mines 
assisted in several of these investigations, especially in mines on Indian lands. 
The studies have shown that a serious health hazard exists from radioactive expo- 
sure that might cause lung cancer if continued over a number of years. The Public 
Health Service report, Control of Radon and Daughters in Uranium Mines and Calcula- 
tions on Biologic Effects,®/ shows that 55 percent of the uranium mines employing 
64 percent of the miners had atmospheric concentrations more than five times the 
working level now accepted as reasonably safe for industrial exposures. Extensive 
control measures are necessary to reduce these concentrations to the suggested 


working level of less than 300 micromicrocuries of total radon daughter products 
per liter of air. 


Now that the basic studies of the Public Health Service have defined the prob- 
lem and methods of control, the Bureau of Mines is responsible for providing follow- 
up health and safety services and inspecting mines on Indian lands, as well as those 
on the Public Domain leased from the Federal Geological Survey, and for offering and 
making available these services to other mines, particularly those on Government 


Work on manuscript completed March 1958. 
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lands having leases from the Atomic Energy Commission. Continuous engineering envi- 
ronmental surveys of the actual and anticipated mining operations are necessary to 
(1) evaluate the radiation, dust, and accident hazards in each mining area; (2) 
advise on techniques of ventilation and dust control; and (3) determine additional 
measures that should be taken to protect the health and safety of the workers. 


ACKNOWLEDGMENT 


Grateful acknowledgment is made to Henry N. Doyle, Public Health Service, for 
providing suggestions and considerable material necessary for preparing this 
information circular. The authors availed themselves of the references listed at 
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ORIGIN AND FORMATION OF URANIUM 


Tremendous energy is locked in uranium - the same kind of energy that created 
our universe. We know that all matter is composed of certain basic elements. Many 
believe that these elements came from the fiery cores of ancient suns several bil- 
lion years ago.2/ The cycle is thought to have begun with hydrogen, which has the 
simplest atom of all. Its nucleus contains 1 proton, and whirling around this core 
in a specified orbit is 1 electron. Within suns, hydrogen atoms are believed to 
have fused and neutrons joined the nucleus, forming a new element - helium. Its 2 
protons attracted 2 electrons. Helium, in turn, became the next heaviest element - 
lithium - as more particles joined its nucleus. Thus, one by one, many of the 
elements found in nature today were forged until finally uranium, the heaviest atom 
of all, was created. It has a nucleus of 92 protons and 146 neutrons, held together 
by stellar energy, which man has at last learned to control and release for his own 
use. Scientists discovered that, when a neutron strikes a uranium nucleus, it may 
be absorbed. Under the strain of the added particle, the nucleus grows unstable 
and splits in two with a burst of energy, releasing more neutrons. [In a mass of 
uranium, the neutrons released by one fission travel on to produce further fis- 
sions, liberating more and more energy in an intense chain reaction. 


HISTORICAL REVIEW OF PROPERTIES AND OCCURRENCES OF URANIUM 


In addition to the metallic element uranium, uranium ores contain all members 
of the radioactive series of which uranium is the parent. This list includes radium 
which decays to radon - a dense radioactive gas. Although uranium never occurs in 
pure form in nature, it is widely distributed and enters into the composition of 
several ores. Uranium has an atomic weight of 238.07, a density of 18.7 to 19.08, 
and a melting point of 1,132° C. + 1° C. 


Usually, uranium has been found in minerals associated with the three major 
types of rock - igneous; sedimentary, and metamorphic. In igneous rocks uranium 
deposits occur in hydrothermal veins, disseminated bodies, and pegmatites. In 
sedimentary rocks uranium-bearing ores occur in sandstone, limestones, shales, 
and phosphorites, as well as in lacustrine-saline deposits and in alluvial and 
placer deposits. In metamorphic rocks uranium may occur in quartzites, gneisses, 
or schists. There are over 150 uranium-bearing materials. Some occur as primary 
and many others as secondary minerals. Primary minerals have not been altered since 
their formation by igneous action. Secondary minerals are formed as a result of 
decomposition of the original primary mineral. 


7/ Union Carbide and Carbon Corporation, The Petrified River, The Story of Uranium: 
Booklet accompanying film produced cooperatively by Union Carbide and Carbon 
Corporation and the Federal Bureau of Mines, 1956, 24 pp. 
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Uraninite or pitchblende is by far the most important primary uranium mineral. 
It is essentially uranium oxide and is the chief constituent of virtually all high- 
grade uranium ore. Pitchblende has been the principal source of uranium output in 
the Belgian Congo, Canada, and Czechoslovakia. No major concentrations were found 
in the United States until recent years, when it was discovered in flat-lying dis- 
seminated deposits on the Colorado Plateau. 


Carnotite, which is classed as a secondary uranium mineral, has been commer- 
cially important in the United States for many years as a source of vanadium, 
radium, and uranium. Carnotite ores were discovered on the Colorado Plateau in 
the Rocky Mountain area between 1881 and 1887, and some mines were developed during 
this period. As there was little demand for these materials, production was small. 
Domestic production of radium from carnotite ores was significant from 1916 until 
1923; however, in 1923 radium became available from high-grade Belgian Congo ore, 
and the low-grade American ores were no longer competitive. Thus, until after 
World War II there was no sustained and large-scale employment in uranium mines. 


At present, 1,000 mines, which yield uranium ores of various types, employ 
more than 5,500 miners and approximately 3,000 millers. The largest production 
comes from the Colorado Plateau area, which covers more than 100,000 square miles 
in southeastern Utah, southwestern Colorado, northeastern Arizona, and northwest- 
ern New Mexico; however, discoveries and new production continue in other areas. 


Measured, indicated, and inferred reserves of uranium ore in the United States 
have been estimated recently at 76 million tons. 


TYPES OF RADIATION 


The three units of radiation that predominate in most uranium mines are alpha, 
beta, and gamma emissions. An alpha particle is identical with the nucleus of a 
helium atom. Alpha particles have a double positive charge and, because of their 
comparatively large mass, will not penetrate the skin. Alpha particles can enter 
the body by inhalation or by ingestion of the radioactive material producing it. 


A beta particle has a single negative charge and a mass equal to that of an 
electron. Essentially, a beta particle is a high-speed electron emitted from a 
radioactive source; because of its very small size it has greater penetrating 
ability than an alpha particle. Although primarily an internal hazard, beta 
radiation produces severe burns if the victim is exposed at short range to an ex- 
ceptionally beta-active and radioactive surface. 


A gamma ray is a short-length electromagnetic wave produced by radioactive 
decay. It is a photon of energy nearly identical to X-ray. The gamma ray does 
not possess mass, but it has energy and consequently the power of destroying human 
tissue. In nuclear explosions the principal immediate danger to health is damage 


from the gamma rays, but in mining operations most of the danger is damage from 
alpha and beta particles. 


The activity of a radioactive substance usually is measured in curies. A 
curie is defined as the quantity of radioactive material that emits 2.22 x 1012 
atomic disintegrations per minute. Thus, a gram of radium, which is the standard, 
will emit 2.22 x 1012 alpha particles per minute. This gram of radium may be 
visualized as a machinegun discharging 37 billion bullets per second. 
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A convenient method of defining the activity of an unstable element is to ex- 
press its radioactive life in terms of the time it takes to lose one-half (50 per- 
cent) of its activity by decay. This is known as the half life. At the end of 2 
half lives half of the remaining activity will be lost, so 25 percent of the orig- 
inal activity will remain; at the end of 3 half lives, 12.5 percent of the activity 
will be left; at the end of 4 half lives 6.25 percent of the original activity will 
remain; and at the end of 5 half lives 3.13 percent of the original radioactivity 
will be left, hence the radioactivity will be essentially exhausted. The rate of 
decay of the element and its half life do not depend upon temperature, pressure, 
chemical combination, or any other ascertainable condition. 


Uranium has a half life of 4 1/2 billion years. Radium, a disintegration 
product of uranium, has a half life of 1,620 years, whereas radon, a gaseous 
product formed from the disintegration of radium, has a half life of only 3.825 
days. Radon is chemically inert and is the heaviest gas known, being seven times 
as dense as air. 


When radon is formed, it immediately starts breaking down into radium A; 
radium A disintegrates into radium B, radium B into radium C, radium C into radium 
e*. and radium C into radium D. As radium D takes a long time to attain an ap- 
propriate fraction of the radon concentration, in all further discussions in this 
paper the chain following radium C' is ignored. These daughter products of radon 
are nuclei particles whose half lives are: Ra A - 3 minutes, Ra B - 26.8 minutes, 
Ra C - 19.7 minutes, Ra C' - 0.0002 second, and Ra D - 22 years. 


TABLE 1. - Radioactive transformation of uranium 
series from radium to radium D 


Half life 


1,622 years. 
cocccccccscccccscceccos | 3.825 days. 
A ccvccccccccccccccces 84 | 3.05 minutes. 
B sccccccccccccccceses 26.8 minutes. 


19.7 minutes. 





Alpha 164 x 107° seconds. 


Cepeccocecoesececcee Beta gamma | 22 years. 


OCCUPATIONAL HAZARDS OF URANIUM MINING 


Air impurities in uranium mines include radioactive dust and gas, gas and 
smoke from blasting, dust from mining operations, and exhaust gases when diesel- 
operated equipment is used. These impurities may be irritating, toxic, or both. 
The principal harmful gases comprising the exhaust from diesel-powered equipment 
are carbon dioxide, oxides of nitrogen, oxides of sulfur, carbon monoxide, and 
aldehydes. 
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As a result of many years of laboratory and underground work on diesel exhaust 
gases, the Bureau of Mines in 1949 issued a schedule for permissibility and suita- 
bility tests covering Procedure for Testing Mobile Diesel Powered Equipment for 
Non-coal Mines and included recommendations for the use of diesels underground. 
This schedule (No. 24) was revised in April 1955, and to date the Bureau of Mines 
has granted 14 approvals. It is strongly recommended that only diesel equipment 
approved by the Bureau of Mines be used underground. 


Although it is recognized that the oxides of uranium and the metals such as 
lead, nickel, cobalt, chromium, vanadium, and mercury may be toxic, studies to date 
indicate that the significant hazard in mining uranium arises from radon and its 
decay products. Unless dust-control measures are adequate, miners may develop 
silicosis, as most of the uranium ores on the Colorado Plateau occur in sedimentary 
rock containing 30 to 70 percent free silica. Toxic effects also may result from 
inhalation of uranium dusts. 


Radon and Its Decay Products 


In uranium mining radon and its two energetic alpha-emitting daughters, radium 
A and radium C', are considered the most harmful radioactive products. In mine 
workings radon is emitted from the ore and water seepages and disperses throughout 
the atmosphere of the mine. The concentration of radon often increases with rock 
blasting and drilling. 


Radium A and radium C' are positively charged radioactive nuclei that adhere 
to negatively charged dust particles ever present in mine air. These dust parti- 
cles, to which the radioactive nuclei are attached, and the radon enter the 
bronchial tubes and lungs through inhalation. While in the lungs radon continues 
to decay, emitting daughters Ra A, Ra B, Ra C, and Ra C'. In turn, the daughters 
of radon decay in the lungs discharging alpha particles (besides gamma and beta). 
Most of the energy of these particles is absorbed by the lung tissues. Dr. W. F. 
Bale, of the University of Rochester, has estimated that 99.9 percent of the 
radioactive energy delivered to the lungs comes from the radon daughters. 


The harmful effects of overexposure to such radiation may lead to cancer of 
the lungs. 


Experience in European Mines 


In European mines, recognizable health damage due to exposure to radon is con- 
fined almost entirely to mines in the Ezra Mountains - the Schneeberg mining region 
of southern Germany and the adjoining Joachimsthal region of Czechoslovakia. Both 
regions have been mined since the 15th century for silver and other metals. By the 
end of the 16th century the silver veins were exhausted, and the regions were mined 
for cobalt, nickel, bismuth, and arsenic. After Madam Curie discovered radium in 
1896, pitchblende in these mines was exploited for its radium content, 


As early as 1878, reports began to be circulated of a high incidence of lung 
cancer among miners of the area. According to medical reports, 50 to 70 percent 
of all deaths in these mines were due to primary cancer of the respiratory system. 
The cause of these lung cancers has long been controversial and has been attrib- 
uted to cobalt, nickel, or arsenic. In 1931, Doubrow stated that the cause was 
still obscure, although the geographic and geologic features of the area and the 
chemical composition of the minerals were considered. It was suspected that radon 
might be a hazard to miners, so radon concentrations were measured. Evans and 
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Goodman’/ concluded that the average concentration in these mines was about 1,500 
micromicrocuries, which is many times the present recommended standard for safe 
working conditions. At present the predominant opinion is that radioactivity 
caused the high incidence of lung cancer. It is possible, however, that no 

single agent can be blamed but that combined factors of environment are implicated, 
which are difficult to evaluate. 


Experience in American Mines 


During the period 1946 to 1949, when uranium production was begun on a large 
scale in the United States, health officials naturally viewed with alarm the poten- 
tial health problem associated with mining uranium ores. At the same time it was 
recognized that the situation in American mines was not comparable to that in 
European mines and that it was difficult, if not impossible to draw a corollary. 
American uranium mines are not as deep (although now they are getting deeper - 
close to 1,000 feet), they yield a rather simple ore compared with the complex 
ore in the Erz Mountains of Czechoslovakia, and American workers are seldom 
employed underground over 40 hours a week. 


In August 1949 problems that might face this rapidly expanding industry caused 
Dr. Roy L. Cleere, executive secretary, Colorado Department of Health, to appoint 
a board to advise both himself and the Colorado State Division of Industrial Health 
on procedures to be used in conducting studies and surveys in the uranium industry. 


Early in 1950, at the request of the Division of Occupational Health, Public 
Health Service, air samples were taken in uranium mines on the Navajo Reservation 
by personnel of the Phoerix office of the Federal Bureau of Mines. The radon 
activity of these samples was determined by the National Bureau of Standards. 
Radon concentrations were much higher than expected. Subsequent sampling by the 
Public Health Service verified the original findings. 


Preliminary surveys conducted by the Occupational Health Program, Public 
Health Service, indicated that a potential health hazard existed. As a result of 
their findings they undertook medical investigations of uranium miners and environ- 
mental investigations at the uranium mines. Approximately 700 workers were given 
medical examinations in the first phase of the study, extending from July to 
October 1950. During the 1951 season, approximately 460 men were examined; 260 
were miners and 200 mill workers. To date, approximately 2,200 miners have been 
examined (this includes examinations performed in 1950, 1951, 1952, 1954, and 
1957). It is believed that this coverage is large enough to permit drawing valid 
conclusions. As many of the mines and mills were extremely remote, it was neces- 
sary to confine the study to the summer and early fall months to avoid bad weather. 


The medical study comprised a detailed physical examination, chest X-ray, and 
clinical examinations of the blood and urine. Analysis of medical histories showed 
a predominance of respiratory infections, including pneumonia and sinus infection, 
and conjunctivitis. Specific etiologic or pathologic patterns were not apparent, 
as most of the workers had been exposed only a few years. Results, however, indi- 
cated the need for repeating medical studies frequently. 


8/ Evans, R. D., and Goodman, Clark, Determination of the Thoron Content of Air 
and Its Bearing on Lung Cancer Hazards in Industry: Jour. Ind. Hyg. and 
Toxicol., vol. 22, 1940, p. 89. 
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The environmental phase included determining the nature and concentrations of 
materials to which the workers were exposed. Through a correlation of these data, 
it was hoped to obtain information on health hazards associated with the industry 
so that necessary control procedures could be started. Environmental studies were 
made in 13 mills and more than 300 mines. These studies comprised evaluating the 
dust problem, especially the silica content of the dust; determining the nature 
and extent of exposure to toxic materials such as uranium, vanadium, and other 
mineral constituents of the ore; and evaluating the radon concentrations in the 
mines. Analyses of a statistically valid number of samples of mine air for radon 
and its short-lived daughter products indicated that the concentration of these 
radioactive substances was too high for safe operation over an extended period, 
except in places where ventilation was adequate. 


In February 1955 a conference in Salt Lake City, Utah, discussed health 
hazards in uranium mines. Representatives of uranium mine operators and State 
officials of uranium-producing States met to consider available evidence and to 
recommend a maximum allowable concentration of radon daughters. The recommenda- 
tion, based on biological calculations and experiments, was to keep the atmospheric 
concentration of radon daughters below a potential alpha energy content of 100 
micromicrocuries each of Ra A, Ra B, and Ra C’ per liter. In other words, radon 
and its daughter products should not exceed 300 micromicrocuries of alpha-emitting 


products per liter of air. This recommendation is being followed in most produc- 
ing States. 


This tentative standard should present a factor of safety large enough to 
prevent damage to the lung tissue of a healthy worker. European experience indi- 
cated that long exposure to high concentrations was necessary to produce lung 
cancer, so the industry is urged to meet this standard. It is far better to be on 
safe ground in preventing injury to the health of uranium miners than to find later 


that a reasonable warning was ignored until sad and costly experience proved the 
extent of the hazard. 


Silica 


Most uranium ores on the Colorado Plateau occur in sedimentary rock contain- 
ing 30 to 70 percent free silica. Free-silica dust is considered more dangerous 
than other dusts in uranium mines and predisposes the miners to silicosis, a dis- 
abling condition of the lungs caused by breathing the dust over varying periods. 
In this disease the normal elastic tissue of the lungs is replaced by inelastic 
fibrous tissue, which causes shortness of breath, pains in the chest, cough, 
expectoration, spitting blood, night sweats, loss of strength, and progressive 
disability. The disease is often complicated by tuberculosis. 


The four important factors in causing and/or controlling the occurrence of this 
disease are: (1) Dust concentrations in the air; (2) size of dust particles; (3) 
composition of the dust; and (4) length of time the worker is exposed to the dust. 


An important statistical study made by the Public Health Service from 1950 to 
1954 reveals startling information on the prevalence of silicosis. In 22 States 
having adequate compensation records, 10,362 cases of silicosis were recorded in 


the 5-year period; of these, 40 percent occurred in the mining industry and 1,637 
cases, or 16 percent in metal mines. 


Experience has proved that rigid dust-control measures and adequate ventila- 
tion play very important roles in alleviating silicosis in mines. 
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Uranium Dusts 


The uranium dusts to which miners of the ore might be exposed are uranium 
dioxide (U0), uranium trioxide (U03), uranium peroxide (U0,), and uranium trita- 
octoxide (U30g). The toxic effects resulting from inhalation of uranium dusts 
depend upon the physical characteristics of the dust as well as the chemical 
nature of uranium, Particle size, density, and solubility are most important 
because they affect the amount of inhaled uranium retained in the respiratory 
tract and the rate at which uranium is transported from the respiratory tract 
to the kidneys, where it has its primary toxic action.9/ 


Some inhaled dust is deposited on the nasal mucosa; some on the walls of the 
trachea, bronchi, and bronchioles; some in the alveoli; and some is exhaled into 
the air. The relative quantities of material retained in the various parts of 
the respiratory tract depend largely upon the particle size and particle density. 
Of the retained dust, only that which can be dissolved into the circulation will 
reach the kidney and result in typical uranium toxicity. The particles of soluble 
materials deposited either on the nasal mucosa or in the alveoli may be absorbed. 
Probably the smaller particles of the insoluble dusts, which reach the alveoli, 
are important. 


The results of a recent study on animals conducted by Voegtlin and Hodge 
showed that: 


1. Uranium dioxide was relatively nontoxic when inhaled as a dust in re- 
peated daily exposures. Only at a high level of exposure was toxicity discernible. 


2. Uranium trioxide dust was more toxic than expected, owing to its higher 
solubility in blood plasma than in water. 


3. Uranium peroxide is fairly soluble in serum but highly insoluble in 
water. It is very toxic when inhaled as a dust. 


4. Uranium tritaoctoxide, when inhaled as a dust in repeated daily exposures, 
produced only occasional mild toxic reactions in a 26-day period. 


OTHER SAFETY AND HEALTH HAZARDS 


The safety and health hazards in uranium mining, besides those already men- 
tioned, are similar to the hazards in other mines in the same areas. Uranium mines 
vary in size; in the past, any mine employing 10 men was considered large, and few 
mines employed more than 25 men. Distance and isolation of many uranium mines 
also pose such problems as lack of water, electric power, and timber. 


Many underground uranium mines have been fortunate in having good roofs. 
Frequently, however, natural pillars needed for roof support were mined out, leav- 
ing large openings without adequate roof support. Robbing existing pillars while 
mining on the advance has often left the same condition. In many instances, mine 
timbers must be hauled long distances. This fact increases the cost and the dif- 
ficulty of maintaining an adequate supply. Too often, mining has continued without 
proper roof support, and dangerous roof conditions have developed. 


9/ Voegtlin, Carl, and Hodge, Harold C. (editors), Pharmacology and Toxicology of 


Uranium Compounds, With a Section on Pharmacology and Toxicology of Fluorine 
and Hydrogen Fluoride: McGraw-Hill Book Co., Inc., New York, N. Y¥., 1949, 
1048 pp. 
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Falls of ground are always a big hazard in underground mines. Uranium miners 
can benefit from the lesson learned in a recent campaign conducted by the mining 
section of The National Safety Council. Some 300 mines enrolled in an attack on 
the problem of injury from falls of ground. The program continued during 1955 and 
resulted in an average reduction of 29 percent in roof-fall accidents compared 
with the previous records of the same mines. In addition to the progress made dur- 


ing the campaign, there was a further decrease of 17 percent during the first half 
of 1956. 


The three basic safety measures used to obtain these results are as old as 
mining itself but are repeated once more. The first measure is to find the loose 
ground, The second is to take it down, if feasible. The third is to provide 
adequate support. A good supervisor will insist on this procedure. He knows 
only too well that many experienced miners have been killed through faulty judgment 
as to how long a known piece of loose ground would stay in place. 


Many uranium deposits could readily use rock bolting for roof support, and 
more consideration should be given to adoption of this method. As of July 1, 1957, 
rock bolting was the practice in 181 noncoal mines throughout the United States. 
The services of Bureau of Mines engineers are available for testing mines and 
advising management on the possibilities of rock bolting for roof supports. 


Large operations generally have safety personnel and active programs aimed 


at accident prevention. The following example is typical of the safety problems 
in small operations. 


A few years ago a study was made of fatalities in Arizona mines for a 5-year 
period. The small mines (under 50 men) had 16 percent of the total number of men 
employed underground, yet suffered 40 percent of the total fatal accidents. Small 
uranium operations usually lack organized effort in accident prevention owing to 
one or more of the following factors applicable to many small operations: 


1. A fixed rate of compensation insurance with no apparent financial advan- 
tage in accident prevention, 


2. Limited operating capital. 
3. Intermittent operation. 


4. Lack of personnel with the time and knowledge to carry out the duties 
performed by a safety engineer at a large operation. 


5. Operations conducted and supervised by persons unfamiliar with mining or 
with limited mining experience. 


6. High labor turnover. 


To these conditions are added some often found in uranium mines, such as lLim- 
ited water supply, isolated location, limited timber supply, poor roads, and 
limited communications. Few uranium mines have trained safety personnel. 


A recent review of 196 safety inspections by Federal Bureau of Mines personnel 
in 83 mines (1954-56), mostly on Indian reservations and public lands, revealed 
that 47, or 60 percent, of 78 radon-daughter-product samples were above the maximum 
allowable limit. At 16 mines the workings were ventilated by mechanical means and 
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at the remainder only by natural means. Most of the mines were small, employing 
less than 5 underground workers; 24 mines operated with 2 workers, 13 mines with 
3 workers, and 14 mines with 4 workers. The range was 1 to 87 workers. 


MEASURES FOR CONTROLLING OCCUPATIONAL HAZARDS 


Ventilation for Control of Radioactivity 


On the basis of available information, a safe general rule is that adequate 
protection against internal radiation hazards can be provided by proper ventila- 
tion and dust control, in accordance with good mining practice, combined with the 
personal hygiene measures that have been accepted as necessary in the mining 
industry. However, in some mines more ventilation is necessary to reduce the 
radon concentration to the recommended standard than would be required normally to 
meet good mining practice. 


Too many underground uranium mines are operating with inadequate natural ven- 
tilation. Proper distribution of air underground demands careful thought and 
planning, so that clean air will be conveyed as directly as possible to the work- 
ing places, where it may dilute and remove harmful dust concentrations. Mechanical 
ventilation should be planned and designed before mining begins and maintained as 
mining or exploration advances. A split system of ventilation should be used 
wherever possible. Additional openings not only aid ventilation but provide 
second exits usually required by State mining laws. With good ventilation the 
concentration of radon and its daughter products may be held below 300 micro- 
microcuries per liter of air, and radon may be removed from the mine before ex- 
tensive decay to its more harmful radioactive daughters occurs. A fundamental 
misconception carried over from standard mining practice is the delivery to the 
working face by auxiliary blowers of air picked up in underground workings. 

The air must be outside air or filtered air from the mine. Radon is released 

to the mine air throughout the mine workings 24 hours a day, year after year. 

The concentration in the mine atmosphere when equilibrium is reached ranges from 
50 to 100,000 micromicrocuries per liter. As ventilation is essentially a process 
of diluting the contaminant in the air, the contaminant cannot be diluted with air 
that has as high or a higher percentage of the contaminant, hence outside air or 
filtered air must be delivered at the working face of the mine. Although filtra- 
tion with the proper mediums removes the radioactive nuclei and dust particles, 


it does not remove the radon. Each mine offers a unique problem and must be con- 
sidered individually. 


In some mines the air is forced to the lower levels and allowed to find its 
way to the surface through the workings. This should not be done where radon is 
present. It is necessary to "bleed off" fresh air at frequent intervals so that 
it may ventilate the immediate workings and then flow from the mine by the shortest 
route. Once the air is contaminated it cannot be reused without generous dilution. 
As liberation of radon varies considerably in different mines and in different 
parts of one mine, the only practicable method of determining whether ventilation 
is adequate is by determining the concentration of radioactive substances in the 
mine air. This requires technical training and special equipment. 


Sealing off old workings reduces the amount of radon being released to active 
areas of the mine. To do this, a bulkhead made of 2 by 4's and 1/2-inch plywood 


is sometimes used. [It should be built as airtight as possible by cementing all 
joints with concrete. 
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Auxiliary fans and vent tubing can be used in stopes that are not ventilated by 
the main air current. Raises, especially the untimbered type, are more difficult to 
ventilate. Timbered raises usually are not so difficult to ventilate, as vent tub- 
ing can be extended as raises are advanced. Experience at Phelps Dodge Corp., 
Bisbee, Ariz., showed that satisfactory dust control in raises was possible only 
where tubing was carried 2 feet above the drill platform. 





In a Canadian mine, all lateral development places were ventilated with auxil- 
iary fans and vent tubing ranging from 12 to 20 inches in diameter. The best re- 
sults were obtained at this mine by operating the auxiliary fans blowing rather 
than exhausting; thus, the crews at the faces were always working in fresh air. 
Fans were run continuously. The vent tubing was arranged so that it could be 
pushed back from the face during blasting and still have air blown through it. 

The amount of air needed to ventilate a heading was about 50 cubic feet of air 

per minute for every square foot of face. 








Theoretical calculations have been made on the rate of ventilation required 
in uranium mines to control the radon hazard, but the wide differences in observed 
radon concentrations in mine air make it difficult to arrive at definite conclu- 
sions or to recommend minimum ventilation rates. Natural ventilation is consid- 
ered inadequate in most mines. On the basis of maximum observed rates of radon 
emanation, 15 air changes per hour have been suggested. Mine operators feel that 
such a value is impracticable and economically prohibitive. It has been stated 
that the hazard from radon would be suitably controlled in many uranium mines if 
ventilation was provided at the rate now required underground to provide safe 
conditions after blasting and when diesel equipment is used. Each mine, however, 
should have its particular problems evaluated so that enough ventilation will be 
provided to maintain minimum hazards from radioactivity. 





















Specifications for mine ventilation based upon a certain quantity of air per 
man will not be applicable to uranium mines. Every mine presents a different 
ventilation problem, and controls must be designed for the specific conditions. 
To offset the radioactivity hazard, ventilating requirements of uranium mines 
usually should exceed those of ordinary mine operations and should have little 
relation to the number of men underground. 


Ventilation for Control of Dusts 

















Customary dust-control practices should be emphasized, because the dust is 
contaminated with radioactive materials. These include wet drilling, the generous 
use of water on muck piles during loading, and the wetting down of working places. 
Mine water, however, should not be used, unless it is known to be free from radio- 
active contamination; however, the remote location of many uranium mines makes use 
of copious amounts of water difficult. Adequate dust control is even more impor- 
tant in uranium mines than in other mines where the problem is only to suppress 

siliceous dusts. Dust concentrations in uranium mines have greater physiological 


significance, as any dust breathed into the lungs is contaminated with radioactive 
material. 





It is the responsibility of supervision to educate miners concerning the 
reasons for wet drilling and to see that such safe practice is followed 
consistently. 





The single-shift operations of many small mines are beneficial in allowing an 
overnight period for settling the dust and clearing the mine atmosphere. [In such 
mines blasting should be done only at the end of the shift. 
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Other Safety and Health Recommendations 


Fortunately, small operations can accomplish results in accident prevention 
corresponding to those at large operations with a complex program. Two ingredients 
are essential at both large and small mines - competent supervision and a sincere 
belief in safety and safety education of employees. 


A competent supervisor is difficult to obtain where pay is low, future opera- 
tions uncertain, and living conditions poor. Nevertheless, a competent supervisor 
who believes in accident prevention is essential for safe, efficient operation. 
The money spent to retain such an individual is an intelligent investment. 


Safety education should instill a desire to work safely in the minds of the 
employees and teach them how to work safely. Competent supervision will then 
require that the work be done in a safe manner. 


Employees may be educated in safety at little expense. Their immediate 
supervisors, through day-to-day contacts, have an excellent opportunity to 
instruct employees in safe working methods. Setting a good example is still a 
good method of teaching a new man, whether the good example is set by the super- 
visor or an experienced fellow worker. 


First-aid training is a good way to begin safety instructions. A course in 
first-aid training will show employees the consequences of an unsafe act, and 
frequently will produce immediate improvement in the accident rate. First-aid 
training has an additional advantage of teaching employees to care for their 
injured fellow workers. This training is doubly valuable in isolated locations. 
The Bureau of Mines also offers a metal-mine accident-prevention course that 
treats more specifically with the hazards and problems of a particular property. 
Both courses are available through the Federal Bureau of Mines. 


Inexperienced miners have been found working in isolated mines or remote 
parts of mines with little or no supervision. Even experienced miners need day- 
to-day supervision and discussions with an experienced supervisor to maintain 


safe working habits and make efficient progress. Inexperienced men have even 
greater need of guidance and adequate training if they are to develop into 
safety-conscious employees. 


Much makeshift equipment has been observed in uranium mines, sometimes be- 
cause it is difficult to repair or replace equipment owing to the isolation of 
the mine and sometimes because expenditures for equipment must be kept at a 
minimum. Certainly, where human life is at stake, expenditures should be ade- 
quate to afford safe working conditions. Following expediency in repairing or 
replacing equipment too often has caused needless injuries, resulting in a high 
frequency and severity of accidental injuries. 


General carelessness in storing and handling explosives also has been noted. 
In isolated places, realization of the need for safe storage is probably dulled, 
but accidents from explosives have injured people not directly connected with 
the mining operation, even in the far reaches of the Navajo Reservation. Safe 
storage should always b» provided for explosives. 


Both carelessness and inexperience have caused explosives accidents in 
uranium mines, Miners must be instructed in the safe use of explosives and given 
enough supervision to «ee that these safe methods are followed. 
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As there are potentially dangerous gaps in our knowledge of the effects on 
health of a combination of hazards in uranium mines, all recommended measures should 
be strictly followed, including the use of respiratory protective equipment, per- 


sonal cleanliness, proper nutrition, periodic physical examinations, and chest 
X-rays. 


FIELD METHOD FOR SAMPLING AND DETERMINING 
CONCENTRATIONS OF RADON DAUGHTER PRODUCTS 


Relatively simple and inexpensive equipment has now been designed and tested 
in the field for sampling and determining atmospheric concentrations of radon 
daughters. Filter paper, a filter holder, a small hand-cranked or battery-operated 


pump, and a calibrated alpha survey meter are the only equipment needed. The 
method follows: 


1. Draw a known quantity of mine atmosphere (14 to 23 liters per minute) 
through a hand-cranked vacuum pump or other suitable air-moving device for either 
a 5- or 10-minute period. The sampling head, affixed to the pump, holds an aerosol 
molecular-type filter paper upon which the radon daughter product particles are 
deposited. As the pump is previously calibrated for a standard rate of operation, 
the time required to draw the sample will indicate how many liters of air has 
passed through the filter paper. When the plunger-type pump is used, each stroke 
represents the intake of 1 liter of air. 

2. Remove the filter paper for each sample from the mine, after placing each 


in a glassine envelope for protection until the radiation on the filter paper is 
measured. 


3. Take an alpha survey meter reading of the filter activity from 40 to 90 
minutes after end of sampling. Convert the alpha survey meter reading to disin- 
tegrations per minute (dpm). 


/ 


4. Divide this reading by the number of liters sampled to give dpm per liter. 
5. Divide the dpm per liter by the factor on the graph shown in figure l. 


6. The resulting figure gives the multiple or fraction of the suggested work- 
ing level (1.3 x 10? Mev/1) existing in the air. Multiply this figure by 1.3 x 10° 
to determine the amount of potential alpha energy in million electron volts of 
energy per liter of air. 


Details of the sampling method are described in a recent article 10/ 


Advice regarding the purchase of equipment may be obtained from the Field 
Station, Occupational Health Program, United States Public Health Service, Box 
2537, Fort Douglas, Salt Lake City, Utah. 


10/ Kusnetz, H. L., Radon Daughters in Mine Atmospheres - A Field Method of 
Determining Concentrations: Am. Ind. Hyg. Assoc. Quart., vol. 17, March 
1956, pp. 85-88. 
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Figure 1. - Factors for determining per- 
centage of tolerance level of 
radon daughter products in 
the atmosphere. 

Tolerance level: 1.3 x 109 
mev. /liter. 
(Mev; Million electron volts 
of energy). 


50 60 70 80 90 
TIME AFTER SAMPLING, MINUTES 


FEDERAL BUREAU OF MINES RESPONSIBILITY 


At present the Federal Bureau of Mines has clear responsibility under Order 
1940, issued by the Secretary of the Interior, for all mine safety inspections in 
mining operations on the Public Domain, Indian lands, and other Government-leased 
lands. In an opinion dated May 18, 1956, however, the associate solicitor of the 
Department of Interior concluded that the Federal Bureau of Mines has no authority 
to make safety inspections of uranium mines located on the Public Domain, where 
the lessee obtained his lease from the Atomic Energy Commission or where, instead 
of a lease, the operator or owner has filed a mineral claim. The Bureau of Mines 
has no authority to inspect uranium mines on privately owned Land. 


STATE REGULATORY MEASURES 


Mining laws are formulated by the Governments of the States to protect both 
employees and mine operators. [In the interest of mine safety, it is strongly 
recommended that everyone concerned with mining should familiarize themselves 
with the State laws and comply with them. Excerpts from regulations of the 


three major uranium producing States - New Mexico, Utah, and Colorado - are 
quoted as follows: 





RADIATION PROTECTION 


New Mexico Mine Safety Code for All Mines Including 
Open-cut and Open-pit, 1955, Article 26, Ventilation 


and Gases in Mine Other Than Coal, 63-26-1. 


(b) In any underground uranium mine producing radioactive ores in 
which radon gas is present, the operator shall provide on the surface 
or underground, a fan or other mechanical device for producing and 
controlling air circulation within the mine capable of delivering fresh 
air at the rate of five hundred cubic feet per minute for each man or 
at a higher rate where it is necessary to reduce to acceptable levels 
the danger from radon gas encountered where men are working. For this 
purpose the Mine Inspector may, in his discretion, prescribe the rate 
or rates for the delivery of fresh air by mechanical means for any 
such mine or any particular workings therein. 


Passed by the Industrial Commission of Utah, Salt Lake City, Utah, 
August 25, 1955. 


IT IS ORDERED: That the General Safety Orders issued by The Industrial 
Commission of Utah, effective July 1, 1945, are amended 
by adding the following regulations: 


The operator of every uranium mine, whether operated by shaft, slope, 
tunnel, adit or drift, shall provide and maintain for every such mine 
a good and sufficient amount of ventilation for such men and animals 
as may be employed therein, and shall cause an adequate quantity of 
pure air to circulate through and into all shafts, winzes, levels 

and all working places of such mine, and except in case of an emer- 
gency, no man shall be allowed to work in an atmosphere injurious 

to health. 


The atmospheric concentration of the immediate daughters of radon 
should not exceed 300 MMCL as determined by a field method accept- 
able to the State Bureau of Mines (Industrial Commission) and 
every operator shall make a reasonable effort to approximate said 
standard. 


Rule on Determination of Concentration of the Immediate Daughters 
of Radon, 


It shall be the duty of every operator to cause an inspection of 
the mine to be made each month for the purpose of determining the 
concentration of the immediate daughters of radon, provided, how- 
ever, that at the discretion of the Mine Superintendent or the 
State Mine Inspector more frequent determinations may be made, 
and all such determinations shall be made at the working place. 


Recording of Determinations 


It shall be the duty of the operator to maintain a record book at 
the mine office wherein the individual making the inspection and 
determination shall record his findings in his own handwriting 
and over his own signature, setting forth specifically the time 
and the places of inspection and determination, and such informa- 
tion (record book) shall be available to the Mine Inspector on 
request. 
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This Order shall take effect as of January 1, 1956. 


THE INDUSTRIAL COMMISSION OF UTAH 


Colorado Mining Laws With Rules and Regulations: 
Bulletin 16, June 30, 1954, pp. 152-153. 


Radon 


In places containing radon gas and its decay products the maximum allow- 
able concentration for the alpha emitting decay products of radon should 
not exceed one hundred (100) micro-microcuries per liter of air. 

4. The maximum allowable concentration of toxic dusts, mineral dusts, 
and fumes shall be according to the standards in Regulation Three (3) 


on Occupational Hazards, as set forth by the Colorado State Department 
of Public Health. 


5. When employees are exposed for only short periods of time to dust 
or fume hazards, they shall wear approved respiratory equipment, but 
when the exposure is for prolonged periods, other means to protect 
the employees or to reduce such hazards must be taken. 


6. Drill holes underground shall not be collared dry, but drilling 
water shall be turned on before the air drill is put in operation, or 
other means used to control dust. 


7. All chutes from which dusty ore or rock is taken shall be equipped 
with a sprinkler or other such device which will effectively dampen 
such rock or ore, which will prevent the escape of dust in the 
atmosphere. 


8. Wherever the sprinkling device is installed in a chute for the 
purpose of preventing the escape of dust, it shall be so placed that 
it can be operated by the employees loading cars at the chute. 


9. Wherever it is necessary for an employee to use a respirator in 


the performance of his duty, such respirator must be furnished by the 
employer. 


10. Respirators shall be of an approved type, kept clean and sanitary, 
and the employee must wear them where needed. 


ll. Before starting mucking or shoveling in any working place, the 
working place, and ore or reck piles, shall be sprinkled before 
starting work, and kept sprinkled as often as necessary so that no 
dust will arise from such pile of ore or rock. 


12. In underground workings where dusty waste is being used for 


back filling, it shall be kept damp so that it cannot contaminate 
any air course with dust. 


13. District mine inspectors will, as frequently as necessary, 
determine whether any hazardous dust conditions exist in mills, 
excavations, mines or quarries, and if such hazardous conditions 

do exist, will recommend to the employer methods of reducing or 
eliminating the dust or fumes to prevent such hazardous conditions. 
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CONCLUSIONS 


The Federal Bureau of Mines has no authority to enter a noncoal mine without 
the consent of the operator, unless the mine is on Government-owned or Government- 
controlled property. The Bureau's work is largely educational; safety inspections 
and dust, ventilation, and gas surveys usually are made at the request of a mine 
operator or other interested persons. Suggestions for correcting any hazards that 


are noted by the inspector are made in the form of recommendations only and do not 
have the force of law. 


Uranium mining can be made safe, and it is believed that the following 
actions should achieve this end: 


1. Adequate mechanical ventilation should be provided so that the radiation 
level at any working place does not exceed 300 micromicrocuries of total radon 


daughters per liter of air and the atmosphere is kept free from harmful quantities 
of gases and dusts. 


2. Stringent dust-control measures for preventing or allaying harmful quan- 
tities of airborne dusts should include wet drilling, the generous use of water 
on muck piles during loading, and the wetting down of working places. In mines 
where trackless loading and haulage equipment stir up much dust, good results 
can be attained by applying calcium chloride to the mine floor. 


3. Adequate support should be provided for loose ground. 
4. Surface fire protection commensurate with the value of the buildings 
and their contents should be provided, and water for fire protection should be 


available throughout the mine. 


5. Safeguards should be provided for mechanical equipment, and all equip- 
ment should be maintained in good repair. 


6. Explosives should be stored and handled properly. 


7. All concerned should be familiar with State regulations and should 
adhere to them. 


8. All employees should be trained until competent to do their work in a 
safe manner, and only competent safety-minded supervisors should be employed. 


9. Goggles, protective clothing, and Bureau of Mines approved respirators 
should be available and used when needed. 


10. First-aid training and first-aid material should be provided, as well 
as a continuing safety program. 


11. Good personal hygiene should be practiced by all workers. Daily baths 
and frequent change of work clothes are recommended. Eating and storing food 
in the mine should not be permitted. 


12. All new employees should be given thorough physical examinations 
(including laboratory analyses of blood and urine and chest X-rays). Previous 
occupational and medical histories should be obtained. Follow-up medical 
examinations should be made annually. 
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13. Everyone engaged in uranium mining from top management down to miners 
should have a general knowledge of the radiation hazard and should know how to 
protect their fellow workers and themselves. 
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APPENDIX 13 


STATEMENT PRESENTED BY THE U.S. MARITIME ADMINISTRATION 


U.S. DEPARTMENT OF COMMERCE 
MARITIME ADMINISTRATION 
WASHINGTON 25, D.C. 


OFFICE OF THE ADMINISTRATOR JUN 


8 1960 


-Honorable Chet Holifield 
House of Representatives 
Washington 25, De Co 


Dear Mr. Holifield: 


As extended by your invitation of March 24, it is a pleasure 
to have the opportunity of presenting a resume of our activities in 
application of radiation protection standards to our nuclear merchant 
ship program, 


Construction of the first nuclear powered merchant ship, the 
N.S. SAVANNAH, is the joint responsibility of the Maritime Administration 
and the Atomic Energy Commission. The vessel, now nearing completion at 


Camden, N. J., is expected to start-up and begin initial operation within 
the next few months, 


rol 


Existing radiation standards, and the considered decisions of 
responsible bodies, have been applied as the design basis for radiation 
protection in construction of the SAVANNAH. Design criteria for radiation 
protection was established to meet the requirements of Title 10, Code of 

4 Federal Regulations, Part 20, and the recommendations of the National Com- 
‘ith mittee on Radiation Protection for external and internal exposure of 
eccupational workers and the public in the vicinity of reactor operation. 


In the absence of an international agreement for the disposal 
e of reactor wastes in the open ocean, such as the recommendations of the 
National Academy of Sciences, Report Number 658, the SAVANNAH has been 

designed to retain all liquid and solid wastes aboard ship for subsequent 


removal, processing and disposal by means of a special servicing barge 
and shore facilities. 


Details of our specific interests, in the current review of 
radiation criteria and standards, are given in the enclosed summary report 
prepared by our Office of Research and Development. 


Sincerely yours, 


ania 


Walter C. Ford 
Acting Maritime Administrator 


Enclosure 
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SUMMARY REPORT 
APPLICATION OF RADIATION CRITERIA AND STANDARDS 


Office of Research and Development 
Maritime Administration 
April 1960 


Introduction 

The conceptual planning of the world's first nuclear merchant 
ship, the N. S. SAVANNAH, included the application of the 5 rem per year 
exposure standard for design purposes. In the engineering and construction 
phase of the project, this basic value has been applied in the design of 
the reactor system, shielding, waste handling, and all other supporting 
facilities and operational factors. 

This report briefly summarizes the radiation protection philoso= 


phies applied in the SAVANNAH program, 


Personnel Protection Criteria 


Primary and secondary shielding for the reactor system will limit 


the maximm exposure of crew members to 5 rem per year, and 1/10 of this 


value for passengers and dock workers. Beoause the shielding effect of 
machinery, tanks, or contents may be variable, these materials and components 
have not been included in shielding calculations. However, certain practical 
assumptions are used to determine “design values", such as; average occupancy 
for an area, average reactor power level, accumulated fission, corrosion, 
and activation products based on predicted operation of the reactor system. 
The total amount of primary and secondary shielding materials, required to 


meet these exposure limits, consists of 2,040 long tons of lead, concrete, 
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water and polyethylene, including weight of the containment shell. 
To determine the effectiveness of shield design and construction, 
shield survey for gamma-neutron attenuation will be independently conducted 


during the test program. 





Dose rates in normally occupied crew areas during 






routine operation are actually expected to be 1/10 of the "crew area” design 






dose of 5 rem per year. Average dose rates in passenger areas are expected 






to be 3/10 of the design value of 0.5 rem per year. The major portion of 













exposure to the crew is expected during maintenance operations. This agrees 


substantially with the experience of other reactor facilities. 






















™ Radiation surveillance and control of various areas through the 
use of a fixed radiation monitoring system, portable survey instruments, and 
personnel dosimetry devices will be an integral part of the shipboard health 
physics program for personnel protection. Additionally, protective clothing 
" and respiratory equipment will further insure personnel protection under all 
conceivable working conditions, 
Surrounding the reactor system and associated primary system is a 
mit containment vessel weighing 223 long tons. The containment vessel on the 
SAVANNAH was designed for an internal overpressure of 175 pounds per square 
inch, which corresponds to the instantaneous flashing to steam of the coolant 
ments in the entire primary system. 
tical 
Radioactive Waste Management 
ypancy 
By design, all solid and liquid wastes will be retained aboard the 
? SAVANNAH until they are transferred to a servicing barge for proper processing 
_ and disposal. This servicing facility will be capable of reducing the activity 
+ content of the liquid wastes to an acceptable concentration for overboard 
te, 


discharge by repeated circulation of the liquid stream through ion exchange 
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beds. All solid wastes, including spent ion exchange resins, will be 
packaged for subsequent land or ocean disposal. 

Gaseous wastes, principally from the primary coolant system, will 
be retained within the containment vessel when the ship is operating in 
confined waters or under adverse weather conditions. Subsequently, the 
contaimnent vessel will be purged at sea under favorable weather conditions, 
Discharge of airbome radioactivity will be controlled by filtration and 
monitoring instrumentation. The principal volatile activities, due to the 
presence of fission products in the primary coolant, are radioactive xenon ani 
krypton, This activity is expected to be discharged at an average concentmti 
from the stack at 1/10 of the present tolerance concentration for unrestricted 
areas. 

Monitoring instrumentation in the ventilation exhaust system will 
detect and record the presence of fission product activity. Filter absorp- 
tion units for radioiodine and high efficiency particulate filters will remw 
essentially all airbome activity. In the presence of fission gases, charcoal 
absorption units may be put into service, thus providing additional protectia 


for personnel and the environment. 


Supporting Research 


Several studies are underway to determine dispersion characteristic 
in estuaries and in the open ocean, with the expectation that this work will 
lead to establishment of permissible discharge practices for low level radio- 
active wastes to the ocean, without hazard or adverse effects upon marine 
life or mane 

A broad environmental program has been undertaken with the aim of 


demonstrating that no deleterious release has taken place on land or at sea, 
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The Coast and Geodetic Survey, Weather Bureau and the Corps of Mgineers 
have undertaken, with the Maritime Administration, an integrated environ- 


mental analysis as an aid in voyage programming, harbor routing, and berth 


selection procedures. 


Effect of Change in Radiation Exposure Standards 


In providing conservative radiation protection on the SAVANNAH, 


the weight and capital costs of shielding, containment, and instrumentation 


have, in effect, penalized the ship severely by "losing" this increment of 


cargo carrying potential. Further lowering of the permissible levels of 
radiation and radioactivity would pose additional problems by requiring 
heavier shielding on ships, by restricting the performance of maintenance 

on reactor plants, by increasing the difficulty of controlling trace quan- 
tities of radioactivity in air and liquid waste and by complicating the 
problem of measuring and monitoring of radiation and radioactivity. Any 
additional shielding sufficient to effect a significant decrease in radiation 
levels throughout the ship would result in substantial weight increases, and 
a concomitant loss of potential cargo revenue. 

Increased requirements for containment around the reactor system 
will add to the cost of the vessel through the increased degree of leaktight- 
ness, resistance to missile penetration and increased shielding. 

Since the current trend in design for cargo ships, and including 
the SAVANNAH, is for a large cubic volume per deadweight ton, ship revenue 
is thereby limited to the weight of cargo that can be transported. Thus, 
any reduction in plant weight yields increased cargo deadweight capacity. 

The design of economically competitive nuclear merchant ships of the future 
mst necessarily be predicated on larger cargo tonnage capacity per plant 


deadweight and capital cost. 
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In addition to weight factors, the problems of monitoring radiatio, 
levels even lower than those now attainable would be difficult, principally 
from the instrument sensitivity viewpoint. Since present permissible neutm 


levels are already near the lower practical limits of detection, dependence 


must be placed on painstaking analysis of microscopic Proton tracks resultin 


from Neutron Interaction in special nuclear emlsions. Even present pemmis- 
sible gamma levels for general public exposure are so low as to present 
diffioult monitoring problems, 

Current permissible levels for radioactivity in air are also so lo 
as to be near the lower limits of detectability of available radiation moni- 
toring equipment. If these permissible levels were to be further reduced, 
detection and monitoring could become a serious burden, since every fluctua- 
tion in normal background radiation would have to be assumed to be significa, 

Leakage of primary coolant water from the reactor system involves 
another aspect of the permissible air activity problem. This water contains 
radioactive impurities at concentrations significantly above current permis- 
sible drinking water levels. Gaseous and particulate activity escaping frona 
this type of leakage into the air in the vicinity of the reactor thus normal] 
creates airbome radioactivity. Not only minor leaks, but routine operation 
such as sampling, venting, draining, and minor maintenance may contribute to 
fluctuations in airborne radioactivity near maximm permissible concentratia 
levels. Decreasing permissible airbome radioactivity levels may require 
that during such fluctuations, (if detectors could be built to detect reliabl 
such low levels) all personnel would have to wear respirators. This would 
necessitate additional operating expense in the form of personnel man-hours 


and increased protective equipment, 
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Ocean disposal, as recommended by the National Academy of Soiences, 
would lead to reduction of exposure risks in the present waste handling system 


by elimination of special waste tanks, increase of cargo capacity tonnage, 


elimination of major costs of waste processing system, as well as timesaving, 


resulting from reduced time in port for waste handling operations. 


CONCLUSIONS 

The competitive development of nuclear power for the shipping 
industry, in part, depends on radiation standards for reactor operation. 
More stringent radiation protection standards directly affect desig features, 
operation, and maintenance of reactor system, and are reflected in increased 
costs. 

Closely allied to the area of radiation standards will be the future 
need of general legislation, as indicated by international agreements on nuclear 


ship liability and admiralty. 
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APPENDIX 14 


GENERAL NATURE OF OPA PRICING STANDARDS 
By DAvipD F. CAVERS 


(Excerpts from Chapter 1 of “Problems in Price: Pricing Standards,” edited 
by James B. Eckert (General Publication No. 7 in “Historical Reports on 
War Administration: Office of Price Administration’), 1957) 


A meaningful history of the control of prices by the Office of Price 
Administration during the Second World War, the prewar defense 
emergency, and the postwar reconversion period could not be written 
solely in terms of the agency’s objectives and the maximum price regu- 
lations it issued. The objectives as declared by the Congress com- 
prised a few broad policy goals, aptly formulated in general terms 
that left needed play for administrative discretion; in contrast, the 
means to these ends, the regulations, their revisions and amendments, 
were multitudinous in number, detailed and specific in character. 

Since the means chosen did not follow ineluctably from the declared 
ends, what, then, were the principles that mediated between these 
ineans and ends and governed the choices made? It is in the answer 
to that question that the student of the history of price control must 
look in seeking for insight into its problems. His investigation may, 
however, lead him along either of two lines of inquiry. If his pri- 
mary concern is with the techniques of control, he will want to know 
the reasons that led OPA to develop and use such methods as the “price 
freeze,” “formula pricing,” “dollars-and-cents ceilings” and “pre- 
ticketing.” If, instead, his concern is with the considerations that de- 
termined when OPA would act to establish ceilings and later to in- 
crease or reduce them, then his inquiry will lead him directly to a study 
of OPA’s pricing standards. 

OPA’s pricing standards, as will be seen, took a variety of forms and 
were to be found in a hierarchy of sources: in statutes, in executive 
orders, directives and other policy statements, and even in certain 
maximum price regulations and the operating instructions issued 
under them. However, before any attempt is made to differentiate 
among the standards emanating from these sources, there is need to 
consider the concept of the standard, particularly as that concept is 
employed in relation to official action. 





rice 
ense 
tten 
egu- 
‘om- 
rms 
, the 
Pnits, 


ared 
hese 
swer 
nust 
nay, 
pri- 
now 
rice 
pre- 
- de- 
> in- 


tudy 


and 
itive 
tain 
sued 
rate 
d to 
ot is 


RADIATION PROTECTION 


1. The Role of Standards in Relation to Official Action 


The term “standard” in this context has no precise meaning firmly 
fixed in law or even in the usage of lawyers. Its significance must be 
derived from a consideration of the processes of government in which 
it is employed. Thus approached, it will appear that the standard is 
perhaps the principal device in the processes of translating determi- 
nations of policy goals into official action. 


The Use of Statutory Directives 


In democratic representative governments, the primary determina- 
tion of policy goals is the function of the legislature. Virtually none 
of its determinations are self-executing; it must lay down directions 
to govern the actions of private persons or of officials. Traditionally 
these directions have taken the form of rules applying to private per- 
sons and sanctioned by definite legal consequences prescribed for non- 
compliance, enforced usually by the courts and their officials, some- 
times by administrative tribunals. Increasingly, however, the effectu- 
ation of what are often the most important policy goals cannot be 
achieved by prescribing rules to operate in this manner. The problems 
are too complex. The legislature can neither pursue their various 
ramifications nor make the continuing adjustments which day-to-day 
experience may show to be needed. It must therefore direct designated 
administrative officials either to issue regulations containing rules of 
general applicability or to issue orders to particular persons, designed 
to achieve whatever may be the statutory policy goal. 

Suppose the legislature follows this latter course, directing the is- 
suance of either regulations or orders. Then it is only by virtue of 
official compliance with the legislative directive that the statute has 
legal consequences for the individual. An outstanding example of 
such a statutory directive is the basic provision in section 2 (a) of the 
Emergency Price Control Act wherein the Congress directed the 
Administrator to establish maximum prices for commodities. Until 
the Administrator actually issued maximum price regulations, the 
statute did not operate to limit the prices which sellers might charge. 


The Necessity of Standards in Statutory Directives 


Whenever a legislature determines thus to direct the action of 
officials, it is confronted by the problem of how far to limit or channel 
the exercise of the authority it seeks to confer. If the legislature were 
to do no more than state a broad policy goal and empower the official 
to take whatever action he deemed appropriate to attain it, then the 
legislature would have so far abdicated its authority with respect 
to the problem as to have defeated, in the particular situation, the 
functioning of the constitutional scheme of government. Its failure to 
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assume responsibility would in effect have transferred to the executive 
branch of the government authority which the Federal and State con- 
stitutions vest in the legislative. Moreover, this failure would vitiate 
the grant of authority, and persons adversely affected by its purported 
exercise could challenge the authority in the courts.’ 

This constitutional compulsion reinforces what is ordinarily the 
desire of the legislature : to set limits to the authority it confers. This 
it can do by prescribing in its statutory directive to the administrative 
officials a condition or set of conditions to determine when those officials 
should act or to measure the extent of the action authorized to be 
taken. A condition or set of conditions prescribed for either or both 
of these purposes is a standard of official action. Thus defined, the 
standard, it should be noted, is not the directive ? itself; it may rather 
be regarded as either a component of the directive or a limitation upon 
it. 

The Emergency Price Control Act affords many examples of such 
standards. Thus section 2 (a) directs the Administrator to establish 
maximum prices whenever, in his judgment, “the prices of a commodity 
or commodities have risen or threaten to rise to an extent or in a 
manner inconsistent with the purposes of this Act.” The language 
quoted constitutes the standard; it determines the situation in which 
the Administrator’s authority may be exercised. In the same para- 
graph are two other standards which limit the extent of that author- 
ity: the maximum prices must be such as will, in his judgment, be 
“generally fair and equitable and will effectuate the purposes of this 
Act.” 


General and Specific Standards 


These standards are general. Within the framework they establish, 
they vest in the Administrator a responsibility not only to make 


1In the famous Schechter case, 295 U. S. 495 (1935), holding the National Industrial 
Recovery Act invalid, the inadequacy of the statutory standard was the only ground of 
decision in which all of the justices of the Supreme Court concurred. It should be remarked 
that Mr. Justice Roberts, dissenting in Yakus v. U. 8., 321 U. S. 414 (1944), regarded the 
standards of the price control legislation as insufficient to satisfy constitutional require- 
ments. 

2 For this use of the term “directive,” an acknowledgment of indebtedness is due to Dean 
Roscoe Pound with whom the problem of terminology was discussed in the light of his 
classification of common law precepts into four categories: principles, rules, concepts, and 
standards. See Pound, History and System of the Common Law (1939), pp. 9-18. None of 
these terms, as defined, aptly covers those legal precepts, here designated as “directives,” 
which (1) emanate from the legislature or from duly authorized administrative officials 
and (2) provide directions to officials for the mandatory or discretionary exercise of author- 
ity to achieve specified goals but (3) have no direct legal consequences for the private 
person. Dean Pound questions the aptness of the term “standard” when used to designate 
the limiting components of such directives. He feels that the sense in which the term is 
thus used differs so materially from the sense in which “standard” is used in his classifi- 
cation of common law precepts that, to avoid confusion, the use of another term would be 
desirable. However, it has been felt that to abandon the use of the term “standard” in this 
work, would, in view of its frequent use in writings relating to price control as well as in 
constitutional cases, result in difficulties more than offsetting the advantages to be gained. 
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determinations of fact but also of policy. Clearly more than questions 
of fact must be resolved in deciding when, for example, a price has 
increased “to an extent inconsistent with the purposes” of the price 
control laws. And when are maximum prices “generally fair and 
equitable”? Indeed, the act explicitly recognizes the necessity for the 
exercise of discretion by invoking in each of these instances “the 
judgment” of the Administrator. However, the element of broad 
discretion is not characteristic of all the act’s standards. Thus, a 
provision in section 3 (a) of the act (later suspended by the President 
under the authority of the Stabilization Act) required that no maxi- 
mum price for any agricultural commodity should be below “110 per 
centum of the parity price for such commodity. as determined and 
published by the Secretary of Agriculture.” Here the standard in 
the congressional directive to the Administrator came as close to 
being explicit and to denying him any range of discretion as statutory 
standards can well be expected to come.* 

From the standpoint of its limiting effect upon the Administrator’s 
authority, the language imposing the 110 percent of parity limitation 
seems none the less a “standard” by reason of its relatively specific 
character.4. However, such a standard does differ from the standards 
which require the reaching of further policy judgments in another 
important respect: a standard of the latter sort imposes upon the 
Administrator the necessity of finding ways to implement the standard 
so that not only he himself but all the officials acting under him will 
give to it a uniform interpretation and reach consistent results in its 
application. This is a fundamental problem in the devolution of 
authority. 























The Relation of Standards to Administrative Uniformity, Consistency, 
and Efficiency 


The pressure for uniformity in the interpretation, and consistency 
in the application, of standards is one of the most significant charac- 
teristics distinguishing the use of standards in directives governing 
official action from the common use of standards in daily life by 
people who are not government officials but who are seeking to control 
















3It is important to recognize the relative character of the contrast drawn between 
general and specific standards. Few, if any, standards, especially legislative standards, 
can be so explicit as to leave no choices open to the officials applying them. Thus, though 
the Administrator had to accept as given the parity figure published by the Secretary and 
apply to it a simple arithmetic calculation, still he had considerable play for policy judg- 
minents in determining what were “agricultural commodities” and how “the maximum price” 
of a commodity sold in many grades or many markets should be computed in order to com- 
pare that price to 110 percent of the commoidity's parity price. 

* But in the classification of common-law precepts developed by Dean Pound, loc. cit., 
supra note 2, “rules” are distinguished from “standards” on the ground that the former 
are definite and detailed, calling only for determinations of fact for their application, 


whereas the latter require for their application not only fact determinations but the exercise 
of judgment. 
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the actions of other people. Whether the “directives” to achieve this 
end are issued by a corporate board of directors, a plant manager, a 
scoutmaster, or Mother, they will almost invariably contain standards 
to limit and guide the performance of the action directed. But failure 
to interpret these nongovernmental standards uniformly and apply 
them consistently will result only in the loss of efficiency: the direc- 
tives may not be carried out so as to achieve the policy goal and con- 
fusion and friction will be likely both within the administering group 
and in its relations with the persons affected by its actions. A like 
failure in the administration of directives governing official action 
would incur these same costs, but still another difficulty would be 
encountered, one which is of peculiar significance in the field of 
governmental action. 

Governmental action, if it affects the rights and duties of persons, 
must neither be arbitrary nor discriminate unfairly. Within limits, 
the board of directors, the plant manager, the scoutmaster, and Mother 
may be both arbitrary and discriminatory if they are willing to pay 
the probable price in loss of efficiency. Not so, the government official. 
The deep-seated conviction in democratic societies that he must act 
reasonably and with an even hand is sanctioned by the availability of 
the processes of judicial review to call him to account. These may 
sometimes be slow and clumsy in operation, but their very existence, 
reinforced by the sentiment that underlies them, exerts a constant and 
significant force against arbitrary and discriminatory action. 

The careful administrator will therefore seek to narrow for operat- 
ing purposes the range of discretion left open to him by statutory 
standards. He will establish administrative standards to resolve the 
policy issues open to him as rapidly as he can gain a knowledge of the 
facts and an appreciation of the values involved in the judgments he 
is required to make. His standards may be frankly tentative; espe- 
cially in the processes of case-by-case decision they may be only par- 
tially articulated or may not be fully disclosed to the public. But, how- 
ever formulated, these standards will serve to guide the administrator’s 
own action and, when embodied in directives to his staff, will help them 
to attain the desired efficiency, uniformity, and consistency. Indeed, 
wherever a standard can be reduced to very specific terms, subordinate 
officials may have only the task of ascertaining in particular situations 
the facts which will indicate whether the standard has been satisfied. 
Finally, the public announcement of administrative standards under a 
particular statutory directive will enable persons subject to official 
action under the directive to learn the factors which the administrator 
regards as controlling in carrying it out. They can then either adjust 
their own affairs to accord with the probable course of administrative 
action as forecast by the administrative policy or marshall appropriate 
evidence to combat it. 
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Summary 


In summary, it can be said that, in relation to official action, the 
standard serves to guide the exercise of delegated authority by pre- 
scribing conditions to channel or limit official action taken in response 
to statutory or administrative directives. Standards are necessary in 
statutory directives if the delegation of authority by the legislature 
is not to constitute an unconstitutional abdication of responsibility. 
Where the statutory standard is not specific, the responsible admin- 
istrator will often find it advantageous to narrow the range of discre- 
tion it confers by formulating administrative standards for his own 
and his staff’s guidance. By so doing, the administrator can mini- 
mize the dangers of inefficiency in operation and of lack of unifurmity 
in interpreting statutory standards and inconsistency in their applica- 
tion. He will also aid persons in complying with directives which 
affect them or in asserting the defenses open to them. 


2. The Hierarchy of Pricing Standards 


In the light of the foregoing analysis of the standard, it now becomes 
appropriate to examine the hierarchical structure of pricing standards 
developed by the Congress, the President, the Economic Stabilization 
Director, and the Price Administrator during the history of price 
control. In this examination no effort will be made to deal in detail 
with any particular standard; that will be the function of later chap- 
ters in this work. Instead, attention will here be directed to the struc- 
ture of OPA pricing standards and to the broad problems of admin- 
istrative organization and action that those standards were designed 
tosolve. This is an inquiry which is rendered all the more appropriate 
by the fact that, to meet the extraordinary stresses under which the 
Office of Price Administration labored, the use of the administrative 
standard was probably carried further than had ever previously been 
the case. Accordingly, it may not be too much to hope that this expe- 
rience can contribute to the development of American administrative 
law. 

First, however, a word of explanation may be in order concerning 
the use of “hierarchy” in referring to OPA’s pricing standards. 
These standards were hierarchical in the sense that they emanated 
from successive levels of authority. The elaboration of this hier- 
archy gave peculiar importance to the use of standards in the admin- 
istration of price controls as a mode of guiding the exercise of dele- 
gated authority. In fact, it would be difficult to achieve an under- 
standing of pricing standards without first becoming acquainted with 
their hierarchical structure. 

At the top of this structure were the statutory standards, products 
of congressional action, approved by the President. Next in level of 
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authority came standards embodied in Executive orders issued by the 
President pursuant to his constitutional authority, the Stabilization 
Act and other wartime legislation. Then came directives issued by 
the Economic Stabilization Director or by his immediate superior, the 
Director of War Mobilization and Reconversion, acting under author- 
ity conferred by Executive order, or, in the case of the latter official, 
by statute. At the next level, but of critical importance in the history 
of price control, were the policy statements of the Administrator, em- 
bodied in various forms but made in the exercise of authority derived 
from the price control laws, as modified by the Executive orders. 
Also issued by the Administrator but much narrower in scope were 
provisions in a number of maximum price regulations which contained 
standards governing the fixing of commodity ceilings by OPA upon 
the seller’s application. Lowest of all in this hierarchy were “price 
operating instructions,” staff memoranda providing further standards 
where needed to guide the administration of the pricing standards 
embodied in the maximum price regulations. 

The exclusion of the Constitution from this hierarchy is only in 
recognition of the fact that, since the officials administering price con- 
trols were not free to question the validity of the statutory directives, 
those constituted for them the topmost level of authority. But, at 
each level, the statutory directives had to be interpreted so as not to 
transgress constitutional limitations, and the procedures and stand- 
ards by which the directives were carried out had to be shaped with 
those limitations in view. 


3. Pricing Standards in the Statutes 


The Emergency Price Control Act and the Stabilization Act, im 
directing the Price Administrator to establish maximum prices, pro- 
vided guides for his action with respect to three basic questions: (1) 
When should ceiling prices be established for a commodity? (2) At 
what level should the ceilings be fixed? (3) When should ceiling 
prices be increased or reduced ? ; 

With the end of the period of selective price control in May 1942 
the first two questions largely lost their significance and, for the re- 
mainder of the OPA’s existence, it was to the last question that its 
principal concern with pricing standards was directed. Later came 
the problem of standards governing decontrol, but no statutory 
standards expressly relating to decontrol were prescribed until the 
1946 law. 

It should be noted that there were a number of other standards in 
the price control laws which limited the exercise of the Administra- 
tor’s pricing authority but which could not readily be called “pricing 


standards.” Their purposes related, not to the establishment of ceil-| 
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ings or to their level, but rather to the techniques of control. For 
example, paragraph (k), added in 1944 to section 2 of the Emergency 
Price Control Act, provided that “No regulations * * * shall 
* * * require any seller of goods at retail to limit his sales with 
reference to any highest price line offered for sale by him at any prior 
time.” This standard invalidated the technique of control known as 
“the highest price line limitation” with respect to retail sellers. 

The basic standards in section 2 (a) of the Emergency Price Control 
Act which determined when and at what level maximum prices might 
be established have already been quoted.’ These standards were 
general, especially the standards governing the level of ceilings. But 
the broad standards requiring maximum prices to be “generally fair 
and equitable” and “to effectuate the purposes of the Act” were sup- 
plemented by further and rather more specific standards, appearing 
in the same paragraph. These standards represented so interesting 
and ingenious a combination of the specific and the general as to merit 
special reference at this point. 

In setting ceiling prices initially the Administrator was required, 
“so far as practicable,” to give “due consideration to the prices pre- 
vailing between October 1 and October 15, 1941,” or in the nearest 
representative 2 weeks’ period. He was further directed to “make 
adjustments for such relevant factorsashemay * * * deem tobe 
of general applicability, including the following: Speculative fluctua- 
tions, general increases or decreases in costs of production, distribu- 
tion, and transportation, and general increases or decreases in profits 
earned by sellers, during and subsequent to the year ended October 1, 
1941.” The standard relating to adjustments was regarded as apply- 
ing not merely to the initial fixing of ceilings but also to their subse- 
quent revision, and hence that standard was of major importance in the 
formulation of administrative standards to determine when 
established ceilings should be increased or reduced. 

The Stabilization Act also resorted to a combination of the specific 
and the general in its basic pricing standards. Its directive (which 
ran to the President) required him to stabilize prices (as well as wages 
and salaries) “so far as practicable * * * on the basis of the 
levels which existed on September 15, 1942.” So long as the ceilings 
thus stabilized satisfied the. requirements of the Emergency Price 
Control Act, discretionary authority to adjust them was reposed in 
the President and then “only to the extent that he finds necessary to 
aid in the effective prosecution of the war or to correct gross 
inequities.” 

The breadth of the standards which applied to commodities gen- 
erally contrasted with the much more specific standards applying to 





5 See p. 3, supra. 
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agricultural commodities that were contained in both the Emergency 
Price Control and the Stabilization Acts. The reason for this greater 
specification cannot be explained solely in political terms. The 
general standards applicable to nonagricultural commodities looked 
to changes in the level of industry costs and profits, a concept alien to 
farm production. From a technical standpoint, moreover, the de- 
mands of the farm producers for protection against ceilings that they 
considered low could be satisfied by specific legislative standards much 
more readily than could like demands by nonfarm groups. For 
example, the indices of parity and of farm production costs ® main- 
tained by the Department of Agriculture provided measures to 
govern changes in the level of agricultural ceilings which not only 
were already available but also could be relied upon to yield fairly 
predictable results. In contrast, the vast nymber of manufactured 
products and the diversity in their manufacturing and distribution 
cost structures defied ready resort to specific statutory formulas. 
Such standards could not be devised by Congress on an industry-by- 
industry basis, and it was obvious that any specific formula applied 
generally would operate unevenly, causing not merely inflationary 
price increases but also serious dislocations in cost-price relationships 
for a number of the industries affected. Hence, save for the Bank- 
head-Brown amendment applying to cotton textile prices, no im- 
portant specific standards to govern the maximum prices of particular 
commodities or groups of commodities (other than agricultural 
commodities, meat, and fish) were enacted until the legislation renew- 
ing price control in the summer of 1946. The agency’s brief 
experience with the more specific standards which the 1946 legislation 
prescribed for manufacturing and distribution served to emphasize 
the difficulties noted above. 



















4, Pricing Standards in Executive Orders and Directives Issued 
Thereunder 





The significance of Executive orders as the source of pricing stand- 
ards was largely due to the fact, previously noted, that the Stabiliza- 
tion Act conferred pricing authority upon the President rather than 
the Price Administrator. The act also provided for the delegation of 
the President’s authority and this was effected by Executive Order 
9250, issued October 3, 1942, the day after the Stabilization Act was 
signed. That order vested over-all stabilization responsibilities in the 
Economic Stabilization Director but retained operating responsibili- 
ties in the agencies already discharging them. Six months later, on 






®The Department's cost indices measured changes in these costs but the Department, 
contrary to commonly held opinion, has no adequate data showing actual costs nor does the 
acquisition of such data appear practicable. 























RADIATION PROTECTION 777 


April 8, 1943, the most important of all the Executive orders relating 
to price control was issued, No. 9328, the famous hold-the-line order. 

The hold-the-line order directed the Price Administrator’ to au- 
thorize “no further increases in ceiling pfices except to the minimum 
extent required by law.”* Authority to permit increases above that 
level was reserved to the Economic Stabilization Director, in cases 
satisfying the standards of the Stabilization Act, i. e. “necessary to aid 
in the effective prosecution of the war or to correct gross inequities.” 
However, these standards applied only to prices “affecting the cost of 
living,” and the “minimum-required-by-law” clause was confined by 
construction to the somewhat narrower category of price increases 
directly causing increases in the cost of living. 

in terms of the Price Administrator’s operations, the clause had 
three important effects: First, within the area to which it applied, 
it took from the Price Administrator the discretion left to him by 
the statutory pricing standards (and enjoyed by most administrators 
operating under statutory standards) of setting administrative stand- 
ards at any point within a range of reasonableness, one boundary of 
which is fixed by the minimum requirements of law. Second, it com- 
pelled the Administrator to ascertain as precisely as possible the low- 
est levels to which ceiling prices could lawfully be held. Only then 
could he determine in any particular case whether an increase in a 
ceiling price would exceed “the minimum extent required by law.” 
Third, to avoid unfair discrimination, the Administrator felt obliged 
to apply substantially the same standards to govern increases in ceiling 
prices that did not affect or increase the cost of living as were applied 
under the hold-the-line order to govern ceiling price increases that 
did so. 

Operation under the hold-the-line order was essentially a case-by- 
case procedure. Not infrequently a ceiling price increase above the 
minimum required by law and involving an increase in the cost of 
living would appear to the Administrator to be called for by the stand- 
ards of the Stabilization Act. If so, he would submit the case to the 
Economic Stabilization Director for his judgment. If the latter 
agreed, his approval would be stated in writing and, after the 1944 
amendment requiring publication of directives by officials having 
supervisory powers over the OPA, this approval would be published 
with the regulation in the Federal Register. 

Occasionally, situations would arise under the order in which price 
increases would be indicated for a group of related commodities or for 
a number of similarly situated individual producers or distributors. 
Instead of giving case-by-case approval to each price action in the 

™And the Secretary of Agriculture in the exercise of his responsibility to approve agri- 


cultural commodity ceilings. 
® Italics supplied. 
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series, the Economic Stabilization Director would issue a directive ° to 
the Price Administrator authorizing or sometimes requiring that price 
action be taken in accordance with pricing standards set forth in the 
directive. These standards would usually be quite specific in charac- 
ter, as in the case of the much-discussed “Vinson Directive” which pro- 
vided for the adjustment by OPA of ceilings for individual textile 
and apparel manufacturers subject to WPB production orders. Inci- 
dentally, this directive exemplified the opportunity for coordinating 
the programs of two or more agencies which was afforded by vesting 
directive, standard-making authority in an official having over-all 
responsibilities. 

The Executive orders included a number of general pricing stand- 
ards which did not merely effectuate a division of authority as did the 
“minimum-required-by-law” clause but, instead, constituted guides 
for the exercise of pricing authority by the Administrator. An out- 
standing example of the latter was the standard in Executive Order 
9599, issued on August 18, 1945, which undertook to adapt the Stabili- 
zation Act’s standard, “necessary to aid in the effective prosecution of 
the war,” to the needs of the “final stage of the war emergency.” The 
Price Administrator was authorized by it to correct “maladjustments 
or inequities which would interfere with the effective transition to a 
peacetime economy.” 



































5. Pricing Standards in Policy Statements of the Price 
Administrator 


In OPA operations involving industry applications for ceiling price 
increases, the pricing standards established by the Administrator 
rather than the standards in the statutes and Executive orders were 
the focus of attention. This reflected no disregard of the latter stand- 
ards for the Administrator’s standards were developed as a means of 
effecting compliance with the standards that emanated from the higher 
levels of authority. 

The Administrator’s pricing standards were not to be found in any 
single public issuance of the agency. They were to be found in policy 
statements appearing in a variety of sources: in “statements of con- 
siderations” required by law to accompany maximum price regula- 
tions, in opinions of the Administrator in “protest” cases, in the testi- 
mony by him and by high-ranking OPA officials before Congressional 
committees, in releases to the press for the information of industry 
and the public, and in staff instructions. 


* Directions issued to agency heads by the Economic Stabilization Director and by the 
Director of War Mobilization and Reconversion pursuant to Executive orders or statutes 
were called “directives,” a use of the term derived from its use by the armed services. How- 
ever, it is believed that these uses of the term have not acquired so fixed a place in govern- 


mental vocabulary as to preclude the term’s use herein in the broader sense explained in 
footnote 2, supra. 
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An Analysis of the Policy Statement 


The use by the Administrator of the policy statement is a develop- 
ment of some significance in American administrative law. , It calls 
for analysis and historical explanation. Analytically, the policy state- 
ment may be described as a statement of a course of official action 
(channeled by standards stated therein) which, in the exercise of dis- 
cretionary authority, an administrator has determined to- follow in 
carrying out the statutory or administrative directives to which he is 
subject."°. Any such statement must be viewed from three standpoints: 
from the standpoint of the issuing administrator, from that of his 
staff, and from that of the public. 

To an administrator, an important feature of the policy statement 
is its adaptability to a developing situation. It need not be all- 
inclusive. There may be substantial areas of activity within the scope 
of his responsibilities which are not covered by policy statements and 
for which, indeed, no policy may yet have been developed. More- 
over, the policy statement does not constitute an inflexible or perma- 
nent commitment. Yet within the area of action subject to a given 
statement, the stated policy does bind the administrator to this extent: 
He may not properly take official action deviating from the policy 
unless he shows either (1) that the deviation represents merely a 
modification of the policy for special circumstances and is actually 
consistent with it or (2) that he is in fact substituting a new policy 
for that previously stated and is prepared to follow the new policy 
consistently. 

When the administrator comes to act in related areas which are 
not directly covered by a stated policy, he will, nevertheless, be obliged 
to act on a basis that is consistent with the stated policy. Both this 
and the other compulsions, which are exerted by a policy statement, 
derive from the administrator’s fundamental duty not to act in an 
arbitrary or unfairly discriminatory manner. 

From the standpoint of the administrator's staff, the policy state- 
ment is a directive, guiding them in the exercise of their delegated 
authority with a closeness of control that depends upon the degree 
of specificity in the standards of the statement. Those standards 
may leave to subordinate officials substantial room for the exercise of 
discretion. However, the officials will not share the administrator’s 
freedom to modify the policy or to deviate from it, although, of course, 





“This use of the term seems in accord with what is variously termed a “general state- 
ment of policy” and “a statement of general policy” in the Administrative Procedure Act of 
1946, sections 3 (a), 4 (a). That Act appears to include such statements within its omnibus 
definition of “rules.”” When they are adopted “for the guidance of the public,” “general 
statements of policy’? must be published in the Federal Register. As here used, however. 
the term would extend equally to policy statements designed solely for internal use. 
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good administration will provide channels for communicating their 
recommendations for change.” 

From the standpoint of the public, especially those persons directly 
subject to an administrator’s actions, the issuance by him of policy 
statements may be a source of very real advantage.” They may derive 
from the disclosure of the standards embodied in his policies the 
same benefits that were noted in the earlier discussion of standards: 
ability to plan either compliance or defense. But this will be true 
only if the policy statements reflect with reasonable accuracy the course 
of official action that will in fact be followed. If policy declarations 
are prematurely made, they can create confusion in public thinking and 
planning that may have more serious consequences than the uncer- 
tainty that prevails while administrative policy is in the formative 
stage and only such disclosure is made as a case-by-case approach 
necessitates. 


Problems in the Use of Policy Statements to Disclose Pricing Standards 


The only legal compulsion on the Price Administrator to make policy 
statements public was that derived from the previously noted statutory 
requirement that every regulation or order of general applicability 
he issued “be accompanied by a statement of the considerations in- 
volved in” its issuance. This requirement was an innovation in Ameri- 
can administrative law.’? Opinions accompanying administrative ac- 
tion of a judicial character were familiar enough, although some agen- 
cies did not issue them and statutes requiring their use were unusual. 
Still more rare are requirements that opinions accompany quasi-legisla- 
tive action of the sort involved in the issuance of regulations, and such 
as preexisted the Emergency Price Control Act looked only to a state- 
ment of the “findings of fact” on which regulatory action was predi- 
cated. The statement of considerations requirement, however, con- 
templated a disclosure, not merely of the facts, but of the reasoning that 
gave significance to those facts. 

The statute, however, did not require the Administrator to formu- 
late general administrative standards as a basis for his action when- 
ever he issued a price regulation. A statement of considerations was 
legally adequate if it simply showed that the action was reasonably 
related to the statutory objectives and conformed to the statutory 
standards. If the degree of generalization were thus kept to a mini- 
mum, the course of future action could not well be projected from any 

4 It should be noted, incidentally, that the policy statements of the Price Administrator 
were controlling upon his staff in much the same way that the directives of the Economic 
Stabilization Director were controlling upon the Price Administrator and that the Director 
was bound by his own directives in the same way that the Price Administrator was bound 


by his own policy statements. In other words, the directives of the Economic Stabilization 
Director were also a form of policy statement. 


2 The Administrative Procedure Act of 1946 (which did not apply to OPA) has materially 
changed the law in this respect. 
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one statement. In other words, the statute gave to the Price Admin- 
istrator substantially the same freedom that is enjoyed by most regu- 
latory commissions: He could proceed on a case-by-case basis, so 
that the general lines of policy would emerge only by the gradual 
process of precedent. 

As the very existence of this volume testifies, the Administrator did 
not elect to follow that course. It was foreseen that good administra- 
tion would require administrative standards more precise than the 
statutory standards yet more general in their applicability than those 
derived from an evolving body of precedents. The number and 
variety of the regulations that would have to be issued, the intense 
speed with which the work would have to be carried forward, the need 
for assuring consistent action on the part of a large untrained staff 
faced by an unprecedented job, all these considerations combined to 
reinforce this view. Hence, as the history of the “industry earnings 
standard” in the succeeding chapter indicates, the agency began 
exploratory work directed toward the development of administrative 
standards of general applicability even before the statute was enacted. 
The essential characteristics of not only the “industry earnings stand- 
ard” but also the “minimum product standard” appear in staff memor- 
anda as early as November 1941. 

The recognition of the need for administrative standards of broad 
applicability did not constitute a solution of the difficult questions 
of whether the policy statements in which these standards would be 
embodied should be public, and if so, what would be the appropriate 
vehicle for their disclosure. A formal, comprehensive, public state- 
ment of policy entailed a loss in flexibility in dealing with new prob- 
lems. It created a risk of serious damage if the stated policies and 
standards proved impracticable and sudden departures from tux 
became necessary. In contrast, informal, internal statements of policy, 
restricted to matters on which firm judgments could be reached, 
increased flexibility and minimized the hazards of public commitments. 
On the other hand, they also increased the difficulties of achieving 
coordinated staff action and contributed nothing to the education of 
the public or of the industries whose cooperation was essential. In 
between these extremes, a variety of intermediate courses was open. 

The resolution of this problem did not come as soon as might have 
been anticipated in view of its early appreciation by the agency. The 
reason for its deferment lies in the changing nature of the jobs which 
were cast upon the Administrator by the rapid eVolution of the war 
economy. 


a 
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7. The Effect of OPA’s Pricing Standards on Administration, 
Public Acceptance, and Judicial Review 


A thorough evaluation of the contribution made by OPA’s pricing 
standards to the task of wartime price conirol would have to be di- 
rected to each level in the hierarchy of standards. It would be neces- 
sary to consider whether the particular pricing standards that the Con- 
gress, the President, the Economic Stabilization Director, and the 
Price Administrator developed in the discharge of their respective 
functions were the “right” standards. From the standpoints of eco- 
nomic effect, of administrability, and of public and judicial acceptance, 
were they the most effective standards that could have been devised, 
and, if not, what standards would have been preferable to them? 
When, however, the inquiry reached the level of the Price Administra- 
tor, another question might also be raised: Did experience indicate 
that the Administrator had been wise in utilizing broad administrative 
pricing standards at all? Would he not have done better to have 
proceeded as nearly on an ad hoc basis as the statutory standards and 
the requirement of statements of considerations would permit? 

Obviously, this introductory chapter provides no occasion to appraise 
the substantive merits of OPA’s pricing standards, but it may be 
appropriate to direct some comments to the question stated above. 
That question is difficult to answer or even to discuss in isolation from 
an appraisal of the substantive merits of the standards used. How- 


18 These opinions were not published but were kept on file in the office of the secretary 
of the agency where they were available for public inspection. 
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ever, there are some considerations which, if noted now, may aid the 
reader in forming his own conclusions as he follows the treatment of 
the particular standards in the succeeding chapters. These considera- 
tions relate to the effect of the pricing standards upon administration, 
upon relations with industry and with Congress, and upon judicial 
review of the maximum price regulations and orders issued under 
them. 


The Effect of Pricing Standards on Internal Administration 


From the standpoint of internal administration, the great affirmative 
contribution made by the pricing standards was the simplification 
of the issues that subordinate officials had to decide. Ordinarily a 
price executive in charge of one of the twenty-odd commodity branches 
in the Price Department had to deal directly with the representatives 
of as many as twenty or thirty industries, occasionally more. Every 
one of these industries had its peculiar pricing problems. If for each 
industry the price executive had been free to examine all the conceivable 
solutions to its problems, and to select the one he found most suitable 
for it, then he and his branch would soon have been bogged down in 
a mire of argument, proposal, and counterproposal. Moreover, to 
avoid gross discrimination, the tests which he developed in his branch 
to govern increases in price ceilings would have had to be sent up the 
chain of command for clearance. This would have meant the loss of 
time and the likelihood of bottlenecks at higher levels. Moreover, these 
delays would have been aggravated by the difficulty of devising appro- 
priate statistical and accounting techniques to elicit the data that 
each of the various tests might require. Pressure would have mounted 
to substitute guesswork for facts, and, almost invariably, experience 
showed, guesses erred on the side of high prices. 

Administrative standards to govern price increases gave to the 
price executive a more manageable job. His task was to apply the 
tests called for by the standards. If an industry claimed to be in 
over-all hardship, an accounting study of the current and base period 
earnings of the entire industry or a representative sample was indi- 
cated. If the ceilings of a particular product line were the target of 
complaint, a cost study could be set up for it. There remained, to be 
sure, issues aplenty for the price executive to resolve—issues that called 
for good judgment, firmness, and tact—but the frame of reference 
within which the questions arose was set by the applicable pricing 
standards. 

Against these gains must be set off the fact that the pricing standards 
sometimes created hard cases. One reason the standards were rela- 
tively simple of application was that they excluded many facts from 
consideration. Sometimes these excluded facts were of consequence. 
and, but for the existence of the standard, might have been given 
controlling weight. To disregard them occasionally meant a degree 
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of hardship, now and then a diseconomy. The Deputy Administrator 
for Price and the division directors spent much time and thought in 
the handling of the hard cases that the price executives brought to them 
for consideration. Some modifications were made in the standards to 
avoid such cases, but, by and large, the line set by the standards had 
to be firmly held or the principal value of having standards would have 
been lost. 


Effect of Standards on Industry and Congressional Relations 


Pricing standards served somewhat the same function in OPA’s 
relations with industry and with the Congress as they did within the 
organization. Each industry tended to look at its own case as setting 
a distinctive problem. Usually the members of an industry came to 
Washington with little appreciation of the implications that the re- 
quest they were urging had for price control as a whole. They 
observed as a rule that the particular price increases they sought would 
not in themselves cause any considerable rise in the cost of living; 
indeed, they could often show that there would be no direct effect 
whatever on the cost of living. Not unnaturally, moreover, the busi- 
nessmen were inclined to approach the problem of setting ceiling 
prices in the familiar terms of a bargaining’ process, and it was neces- 
sary for OPA to establish that even an emergency agency of the Gov- 
ernment could not operate on that basis. 

Probably no method which the agency could have devised could have 
been more effective in minimizing these difficulties than the adoption 
and use of general pricing standards. When the price executive could 
point to a standard that applied not simply to the particular industry 
or group of industries with which he was dealing, but to all or a wide 
segment of American industry, the businessmen became aware of the 
scope and character of his basic problem, and they also came to realize 
that, though the standard might appear stringent, at least it was 
applied even-handedly. The focus of debate was shifted away from 
the special circumstances of the particular industry to the adequacy 
of the pricing standard—in other words, to the job of price control. 

The attitude of the Senator or Representative was, in many cases, 
not unlike that of his business constituents except that he had a bet- 
ter perspective and usually could more quickly see the broader impli- 
cations of the industry’s request. Moreover, quite a few members of 
Congress achieved a considerable knowledge gf OPA standards, and 
so they did not continue to approach. the agency’s position simply in 
terms of the particular case. Finally, the Congress as a whole came 
to recognize that it could not revise price control by piecemeal amend- 
ment and that the substitution of new pricing standards for those 
already in use was an exceedingly difficult business. This considera- 
tion was an important factor in preserving the standards of the price 
control laws from drastic amendment until the summer of 1946. 
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The Effect of Pricing Standards on Judicial Review 


As has been noted, the development of pricing standards by the 
Administrator was carried beyond the bounds of legal compulsion as 
a matter of administrative judgment. Nevertheless, in retrospect, it 
appears clear that this policy did much to fortify OPA’s legal position 
and to simplify its task in defending particular regulations against 
attack in the courts. 

If the Administrator had sought to determine each claim for an 
increase in price ceiling on as narrow a base as was legally permis- 
sible, then nearly every case in which an aggrieved industry protested 
OPA’s determination would have represented a distinct legal prob- 
lem. If the Administrator had been successful in the Emergency 
Court of Appeals in defeating an attack by one industry, the court’s 
decision would have had little value as a precedent in cases involving 
other industries. Naturally, such a situation would have encouraged 
protests and litigation. 

When, instead, the Administrator rested his refusal to increase an 
industry’s ceilings squarely on the proposition that the pricing stand- 
ards adopted by him did not justify those increases, then the issue 
before the Emergency Court was whether those administrative pricing 
standards properly implemented the pricing standards laid down by 
Congress in the statutes. If the court were to decide that issue in 
OPA’s favor in one case, then its decision would validate OPA’s 
administrative standards for all cases falling fairly within the stand- 
ards thus approved. Thereafter it would be evident that nothing 
was to be gained by attacking the denial of a price increase when the 
denial was predicated on valid pricing standards, properly applied. 

Just such a decision was reached by the Emergency Court in Gilles- 
pie-Rogers-Platt Co. v. Bowles, decided on August 24, 1944.4 In 
that crucial case, the court expressly upheld both the industry earn- 
ings and the minimum product standards and thus laid a firm base 
for pricing operations based on those standards. After concluding 
that their use by the Administrator was “a reasonable exercise of the 
discretion conferred upon him in the administration of the act,” the 
court added: “It follows that the present complainants * * * had 
the burden of showing the facts from which the Administrator in the 
light of the industry earnings and product standards could find that 
these prices [maximum prices of bleached shellac] had ceased to 
conform to the statutory standards.” * 

The validation of standards by the court carried with it the burden 
of adherence to them unless a clear showing could be made that a 
departure in a particular situation was consistent with their general 


4144 F. (2d) 361 (1944). 
Id. at 367. 
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application,” and the court had on one occasion to overrule the Admin- 
istrator for failing to abide by his own general pricing standards, In 
the pricing of meat products, the Administrator claimed that account- 
ing difficulties made it impracticable to apply the minimum product 
standard to determine the adequacy of ceilings for particular cuts or 
even for all the products of a given species of livestock. The court 
rejected this view and in effect directed the Administrator to apply the 
product standard on a species basis.?” 

The same industry furnished another example of the same principle, 
applied in this instance, however, to a pricing standard contained in 
an adjustment provision. Early in the history of price control, a 
reguiation—Supplementary Order No. 9—had been issued authorizing 
individual applicants to secure adjustments of ceilings in any case in 
which the applicant could show that his ceiling impeded or threatened 
to impede production of a commodity which was essential to the war 
program and which was or would be the subject of a Government 
contract. An applicant, Armour and Co., applied for an adjustment 
under this order, showing that its existing ceilings obliged it to per- 
form its Government contracts at a loss. This application was denied, 
as Was the ensuing protest, on the ground that the applicant’s over-all 
position was favorable, and that relief, if granted, would be illusory 
since it would soon be offset by resulting higher livestock prices. The 
court, convinced that the protestant had met the terms of the adjust- 
ment standard, rejected the Administrator’s contentions and upheld the 
protest. The court pointed out that “An adjustment provision in a 
regulation has the force of law, becomes one of the rules of the game, 
so to speak. If an applicant makes out a case within the framework 
of the adjustment provision, the denial of relief by the Administrator 
must be deemed an arbitrary act. The Administrator is no less obli- 
gated to give the relief called for by the adjustment provision because 
of his discovery, through experience that the adjustment provision is 
ill-advised * * * If such has proved to be the case, the thing to 
do is to rewrite or amend the adjustment provision.” * 

Instances such as the foregoing in which the Administrator was 
found to have failed to adhere to the standards he had set to govern 
the agency’s operations were very few. It is probable that these occa- 
sional reverses had a salutary effect that extended beyond the particular 
matters affected by them. The presence of a vigilant umpire made 
for better administration of the rules of the game. 





16 Presumably the Administrator could lawfully have discarded the entire system of stand- 
ards for a new one if the latter system were reasonable and in accord with the statutory 
standards. What the Administrator could not do was to take action in particular cases 
that was inconsistent with standards to which he purported to adhere. 

17 Armour & Co. v. Bowles, 148 F. (2d) 546 (1945). 

18 4rmour & Co. v. Brown, 137 F. (2d) 233, 240-241 (1943). For an interesting extension 
of this principle, in the field of rent control, see Hillcrest Terrace Corp. v. Brown, 137 F. 
(2d) 663 (ECA, 1943). 
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Appendix 15 
Supplementary Statement Submitted by the U. S. 
Department of Health, Education and Welfare * 
DEPARTMENT OF HEALTH, EDUCATION AND WELFARE 
PUBLIC HEALTH SERVICE WASHINGTON 25,. D.C. 
Bureau of State Services 
June 14, 1960 
Mr. James T. Ramey, Executive Director 
Joint Committee on Atomic Energy 
Congress of the United States 
Washington 25, D. C. 


Dear Mr. Ramey: 


At the recent Congressional Hearings Selected Materials on Radiation 


Protection Criteria and Standards: Their Basis and Use by the Special 


Subcommittee on Radiation, we promised to submit interpretations of the 
data on shorter lived radionuclides from fallout found in the soils near 


Chicago, as they are related to radiological health. We are pleased to 
submit our statement at this time. 


The data on radioactivity in soil referred to in the recent Hearings 
Selected Materials on Radiation Protection Criteria and Standards: Their 
Basis and Use, were developed by Dr, P, F., Gustafson of Argonne National 
Laboratory in a program initiated May 1957, These data together with 
their interpretation are contained in a paper presented by Dr, Gustafson 
in December 1959 at the annual meeting of the Radiological Society of 
North America, By permission of the author this paper is attached, Also 
attached are graphs of these data prepared by us, which will appear in 
the July issue of Radiological Health Data, a monthly publication of the 
Department of Health, Education, and Welfare, together with data sheets 
for March and April 1960 which were received after the preparation of 
the graphs, 


It will be noted that the total (natural sources and fallout) gamma 
radiation levels reported in the attached paper are direct measurements 
made at 3 feet above the ground using an ionizing chamber, To estimate 
the contribution to this total level from the radionuclides in fallout, 
studies were performed by Dr. Gustafson to determine (a) the distribution 
of these materials in depth within the soil, (b) shielding effect of the 
soil, and (c) the effect of multiple scattering of gamma rays within the 
soil, Based on these data the gamma dose rates at 3 feet above the ground 
were calculated, As a second approach a similar calculation of the above 


* See page 300, 
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rate was made for the natural occurring radionuclides in soil to which 
value was added an estimate of the contribution of cosmic rays, fol- 
lowed by the mathematical subtraction of this calculated dose rate 

(from natural sources) from the total measured radiation level in order 
to estimate the contribution of fallout. In addition to these necessary 
estimations (in contrast with direct measurements) must be added the 
usual uncertainties of sample collections and measurements. Within the 
relatively large range of uncertainties necessarily inherent in such 
studies we are in agreement with the data and interpretations contained 
in the attached paper by Dr. Gustafson. 


In addition to the interpretations given in the attached paper we 
have calculated the theoretical out-of-doors exposures based on the same 
data and methods of calculations as used by Dr. Gustafson. These calcu- 
lations are summarized as follows: 


(a) From May 1957 to April 1959 ~90 millirads 
(About 85 millirads from shorter 
lived radionuclides and about 
5 millirads from cesium-137) 


(b) Peak year (1959) ~50 millirads 


(c) Dose rate in April 1960 ~1.6 millirads/month 
140 140 
(Barium -lanthanum were not measured but it would be expected 
that these would contribute some additional gamma exposure. 
Although their half-lives are relatively short (12.8 days and 40 


hours) they are present initially in relatively great abundance 
in fission products.) 


As one point of reference in interpreting the calculations it will be 
recalled that the external gamma radiation exposure from natural back- 
ground is usually considered to be 100 millirads per year. Thus, the cal- 
culated out-of-doors doses from fallout (based on these soil data) are 
about 1/3 of natural background for the period May 1957 to April 1959 and 
about 1/2 for the peak year (1959). The calculated out-of-doors dose 
rate in April 1960 was about 1/5 that of natural background. In the 
absence of further atmospheric nuclear weapons testing, it would be ex- 
pected that the downward trend of dose rates would continue since the 
radiological decay of the radionuclides more than compensate for the 
small additional deposition from the atmosphere. Eventually, of course, 


the gamma dose rate will level off to that from cesium-137 (half-life of 
27 years). 
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The shielding effect of normal structures will reduce the in-door 
radiation exposures from those calculated out-of-doors. Using an ioni- 
zation chamber Dr. Gustafson found a reduction factor of approximately 
five for in-door dose rates compared to those out-of-doors. The struc- 
tures used for this test, however, were either relatively large frame 
buildings or were of the cinder-block construction. It would be expected 
that a more usual small frame home would have somewhat less shielding 
effects - possibly a factor of 2 or 3. The actual radiation exposure 
that persons might receive would depend, of course, not only on the type 
of structure but also on the length of time it was occupied. 


If we can be of further assistance, please do not hesitate to let 
me know. 


Sincerely yours, 


/ i . Ve 
Ee 


JY James G. Terrill, Jr. 
Acting/Chjef, Div. of Radiological He 


Enclosures: 
"Assessment of the Radiation Dose Due to Fallout," Oct. 1959 
By Dr. Gustafson 
Graphs prepared by PHS, DHEW 
Data Sheets for March & April 1960 
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ASSESSMENT OF THis RADIATION DOSE Dit TO FALLOUT 
by Pe Fo. Custafson 


Division of Bioloj;ical and Medical Yesearch 
Argonne Natiomal Laboratory 


Lemont, Illinois 


October 1959 
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The testing of nuclear weapons during the past decade has resulted 
in environmental radiocective contamination of world-wide proportions. 
The degree of contamination varies with the geographical location, 
depending primarily upon its position relative to the testing sites, 
amount of rainfall, end the latitude (1). The variation of fallout 
deposition with latitude is illustrated in Figure 1. This distribution 
pattern holds true for fallout coming from the stratosphere, which is 
the primary source of world—ide deposition. 


Of the many radicelements produced in the fission process, Sr’? and 
Cs7 have been examined most thoroughly because of their high fission 


yield, long radioactive half lives, and chemical properties which 
readily permit entry into the biosphere, including man himself. Many 
factors relevant to the processes ehevely these raficiostopes eater 
the food chain and are deposited in the Iman body have been 
qualitatively assessed (2,3). The body burdens of Sr? and cs?7 
have been measured as a function of time, and thus the radiation doses 
arising from such internal deposition may also be determined (4,5). 

A second source of radiation also exists, namely that which is due 

to gamma-emitting fission products external to man, yet capable of 
delivering to man, a dose often manyfold greater than that due to sr”? 
and Ce’ combined, Thies presentation will be concerned vith this 


external dose, its measurement, variation with time, and how it 
compares with the dose from natural background radiation. 
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Measurements of gamma-ray emitting fission products have been 
made periodically on soils collected at the Argonne National Laboratory 
site since the spring of 1957. The measuring technique employed vas 
that of gamma-ray spectrometry of soil samples of finite size (1-2 kg) 
using a 5" by 4" Nal crystal and an Argonne Type 256 chamnel analyser. 
The soil was geometrically arranged by means of a stainless steel 
container into a one inch layer around and over the crystal (6). 
Background reduction, essential for the detection of the quantities 
of activity involved (approximately 102° curie of Cs?” /kg of soil), 
vas effected through the use of thick steel shielding around the 
sample and detector. Soil sampling was done to a depth of 6 inches 
so that essentially all fission products present over a given area 
vere included. Two gamma-ray spectra of soil taken with an Nal 
crystal are show in Figure 2. The one from deep soil is free of 
any fission activity and contains only Th, U, and X°°. The other, 
from soil collected in July 1959, indicates the presence of two peaks 
not evident in the first case, The one peak is due to Zr’ ="b” 
and the other to Ru03,106, 

The concentration of fission and natural radioactivity in soil 
vas determined by the use of sources of kmow activity incorporated 
in mock soil (Na;F0,). The method presupposes knowledge of the various 
isctopes present in the soil. The standard reference spectra, one for 
each isotope, permit setting up the fraction of the total counting 
rate cocurting in each spectral region, there being as many regions 
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as there are isotopes. Thus the solution of the appropriate number 

of simltaneous equations yields the concentration of each radionuclide 

in the soil being analyzed. The errors involved in such a procedurs 

were estimated by preparing and counting a mock sample consisting of 

known amounts of the various isotopes, and then solving the pertinent 

equations. Comparison of the analytical results with the amounts know 

to be present provides ea measure of the errors involved in such a 

method. The error in determining Cs!’ , for example, was found to 

be on the order of 15%, with similar errors for the other fission products. 
Table I indicates the activity in me/mi* for Zr? -nb*, Cs7, Ry® 

Ry | cel4l | and Ce” at various times since May 1957. These data 

indicate the continuing accmmlation of Cs!” , doubling between 


Uctober 1957 and Septsmber 1958 and again almost doubling by the spring 
of 1959. Because of its 27 year half life, Cs!” is a reliable indicator 


of the total fallout accumlated at any given locality. No figures 
appear for Sr”? since it is not a gamma-emitting isotope. However, 
work done in coleboration with the Health and Safety Laboratory of 

the AEC reveals that there is a fairly constant ratio of 1.6 ¢ 0.2 
between total Cs!77 and tctal sr? activity in soil (7). Therefore one 
would expect the sr” activity to be roughly 0.6 that of Csl?7- 

The concentration of fission activity is thus measureable, and 
the distribution in depth within the soil may also be determined 
empirically, The dose arising from these various fission products 
may be calculated under the assumption that the activity is spread 
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uniformily on an infinite plane according to the procedure of 

G, M. Dunning (8). Absorption and build-up factors have been included 
for each isotope, and the resulting dose rates are show in Table II. 
It should be emphasized that these dose rates in prad/hour are for 
an unshielded point one meter above the ground. 

The doges thus calculated vere compared with the dose measured 
with an appropriate ionisation chamber at various times during 1959. 
In order to compare calculated and empirical dose rates one must bear 
in mind that the measured dose contains a component due to natural 
radioactivity and to coamic radiation, The dose from U, Th, and KO 
may be calculated from Hultqvist’s equations using the concentrations 
of these radicelements determined from gamma-ray spectrometry (9). 


The dose from cosmic radiation was taken from the literature and 
expressed in pred/hour Table III shows the calculated dose for 
April 1959, totaling wuhegnat fem, contrasted with a measured dose 


rate of 18.5 prad/hour. Agreement of a similar order vas observed 
during the succeeding spring and summer months, lending support to 
both the method of calculation and to the method of measuring fission 
product concentraticn. 

As previously stated, these dose rates pertain to the unshielded 
situation, The actual dose to vhich an individual is exposed mst 
take into account shielding, time spent out-of-doors, and the lik. 
Again use was made of an ionization chamber to determine the dose rate 
indoors and outside. Within the accuracy of measurement, a shielding 
fector of 5 was found for fallout radiation (i.e. the dose due to 
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fallout prevailing indoors was 1/5 that found outside). Such a The | 
shielding factor is in agreement with that proposed by the UN as an of t 
average for Western type structures (10). 4n additional fector has 9 mo 
been suggested by this body to account for weathering which reduces time 
the dose because of leaching, weshoff, and other mechanisms vhich the 
reduce the activity present. Over the period 1957 to 1959 no direct init 
evidence has been found at this laboratory for a downward movement for 
of Ce? 4n oil, nor has it been found for any of the other isotopes date 
mentioned. Therefore, for this period, no factor has been included rain 
for veathering. Usin 
A unique situation exists at the present time for the study The 
of fallout mechanisms. Testing of nuclear weapons has stopped, and are 
there is no further injection of fission debris into the stratospheric of + 
resevoir, so that it should now be possible to obtain values for fallout 
rate and stratospheric storage time. Furthermore, since no new activity the 
is being produred, there is some justification for hoping that future reds 
levels of radioactivity and radiation may be predicted within It 3 
reasonable limits. To this end monthly soil samples have been collected the 
at Argonne since Merch 1959, and from these samples fallout rates for in § 
each radioisotope mentioned have been determined. Interpretation is Nor’ 
complicated by the fact that a portion of the fallout at Argonne comes fal: 
from tests conducted by the US and UK in the Pacific area and a portion the 
from Russian tests carried out in the fer North. The stratospheric game 
storage times and consequently the fallout rates appear to be substantially} Cs 






different for debris coming initially from these two locations (11,12). 
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The best fit to our data is cbteined upon assuming that 60-75% 
of the fallout is due to Russian tests having a storage tim of 6 to 
9 months with the remainder coming from Pacific tests with a storage 
time of 4 years. This proportionation appeared to continue throughout 
the sumer of 1959. On this basis it is possible to compute the 
initial amount of any isotope in the resevoir at the time of detonation. 
Yor example, tae Cs” content of the resevoir according to these 
data was 6,0 megacuries in Cetober 1958. For this same date, air end 
rain sampling indicated 4 megacuries of Sr? in the resevoir (13) . 
Using the Cs/Sr ratio of 1.6, one obtains 6.4 megacuries of Cs’, 
The initial resevoir content of the other fission products measured 
are in agreement vith thet of Cs” according to the fission yields 
of these isotopes. 

Encouraged by the consistancy of these findings, estimates of 
the future levels of external radiation and integral dose from such 
rediation vere made under the assumption that testing is not resumed. 
Tt is to be emphasised that these figures actually pertain only to 
the Argonne site and its immediate surroundings, although the similerity 
in Sr?0 deposition at Argonne and at other localities throughout the 
North Central and Northeastern United States implies that comparable 


fallout levels exist over this area, which contains roughly one half 


the population of the country. Figure ? indicates the variation of 
gamma dose rate from all fission products, as vell as that due to 
Cs” atone, starting in 1957. Extrapolation to future levels is done 
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on the basis of no further testing. The maximm dose rate from all 
fission material occurred in May 1959, amounting to 8.46 prad/hour 
unshielded, or 1.69 pred/hour for indoor exposure, contrasting with 
11.22 prad/hour due to natural background. Concurrently the internal 
vhole body dove from Cs?” vas 0.2 prad/hour and thet to bone fron 
Sr” vas 0.3 prad/hour. The totel interne dose being on the order of 
one third thet arising from external fission products. As expected, 
after a fey years the bulk of the external dose is due to Ca)”. 

The integral 30-year and 70-year whole body dose to man from 
fallout radioactivity vere calculated for the present situation in 
which there has been no further testing since the fall of 1958. These 
doses have been termed the genetically significant dose and the lifetim 
dose respectively. The whole body dose is composed of an external 
component, attenuated by the proper shielding factor, and an internal 
component arising from Cs’ . An additional source of radiation to 
bone exists due to the presence of Sr’0. The external dose vas 
computed using two assumptions; (A) a shielding fector of 5 for all 
redionmblides, and (B) a shielding factor of 5 and a veathering fector 
of 2 for Cs37., The internal dose from Cs” also involved two 
assuaptions; (C) the Cs”” body burder is proportional to fallout 
rate, and (D) the Cs” body burden is proportionel to the accumlated 
Cel?7 deposition. Depending upon the assumptions considered, the 
30 year dose lies between 42 and 113 mrads and the 70 year dose between 
48 and 170 mrads. Investigations at Argonne have shown little veatherin 
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effect up to mid-1959, tending to support assumption (A). Stuiies 
of the concentration of Cs? in milk and other foodstuffs have 
shown primarily ea dependence upon fallout rate, which in turn 
implies that the body burden will be rate dependent according to 
assumption (C) (2). The most probable value for the 30-year dose 
(assumptions (A) plus (C) ) is 52 mrads and 62 mrads for the 70-year 
dose. These compare with 30 and 70 year doses of 3.75 and 8.75 rads 
respectively due to natural radiation which is assumed to smount to 
125 mrads/year in the Chichgo area. Thus fallout radioactivity results 
in a doge increment of 1.4 and 0.7 percent for the 30 and 70 year 
doses respectively over and above that due to natural sources. A 
sumary of the values obtained using the various assumptions along 
vith those due to natural sources is given in Table IV. Estimates 


of the dose to bone from Sr? for these time intervals is also included 
in this table (14). 


Consideration has also been given to the whole body fallout dose 
in the case vhere testing continues for 5 years beyond 1958 at the 
1954=58 testing rate and for the case in which testing continues 
indefinitely at this rate. The genetic and lifetime doses under these 
circumstances are presented in Table V vith the dose from natural sources 
shown for comperison. Continous testing will result in an increase in 
whole body irradiation amount to some 6% over that coming from 
Ratural background. 
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Tt will be noted that no evaluation has been made of the dose 
due to T>2, cl or other radionuclides known to be present ip vivo 


even very briefly as cccurs in the case of non-assinilated elements 
passing through the GI tract. as fer es whole body irrediation is 
concerned these redicisctopes are of secondary importence compared 
with ground fallout and internal Cs” and ar”, 

The methodology described and utilised in this work hes made 
it possible to obtein a measure of the dose arising from gamme-enitting 
fission activity on the ground. Evaluation of the whole body dose 
to man from such sources has been made through the use of shielding 
factors applied to this gamma radiation. The present situation in 
which nuclear veapons testing is no longer being carried out vill 
lead to a genetic dose of 52 mrais and a lifetime dose of 62 mrads 
to roughly one-half of the population of the United States, an increase 
of approximately 1% over that erising from natural radiation. The 
contimous testing of nuclear veapons at the rate occuring between 
1954 and 1959 would resnlt in an increase of the whole body dose of 
eoms 6% ower that occurring naturally. 
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APPENDIX 16 


GLOSSARY 


Alpha.particle (@ particle) _---.--- Helium nucleus; i.e., a close combination of 
two neutrons and two protons, and there- 
fore positively charged. Alpha particles 
are emitted from the nuclei of certain 
radioactive elements. 

Average: GQ68.. od. 004 busses. causes The arithmetic mean radiation dose. The 
average may be taken with respect to 
time, number of people, location, ete. 

Background radiation____..__-_-_- Radiation which is extraneous to that origi- 
nating from a particular source under 
study. The term also is sometimes used 
to denote radiation from naturally occur- 
ring sources. (See Natural background 
radiation.) 

Beta particle (g particle) - . ~~. -.--- Swiftly moving electrons or positrons, and 
therefore negatively or positively charged 
respectively, when emitted by radioactive 
substances. 

Biolomical model. ios. win ees bx A mathematical expression or other scheme 
which is devised to represent the function- 
ing and interrelationship of biological 
processes. 

Boay Hurdetieciu.. seicccciwe du The amount of a specified radioactive ma- 
terial or the summation of the amounts 
of various radioactive materials in a per- 
son’s body at the time of interest. The 
context usually clarifies which meaning is 
intended. (See Maximum permissible 
body burden, Organ burden.) 

wetleks ptizius done A defined area in which the occupational 
exposure of personnel to radiation or toe 
radioactive material is under the super- 
vision of an individual in charge of radia- 
tion protection. (This implies that a con- 
trolled area is one that requires control 
of access, occupancy, and working condi- 

: tions for radiation protection purposes.) 

Uritigal C9@Gtis cc. ..c6-anccssaee An organ or tissue most affected by ionizing 
radiations from the deposition of a speci- 
fied internal emitter or from external 
sources. The essentiality of the organ 
and its sensitivity to ionizing radiations 
are considered in determining the critical 
organ. 

utle the: lO) inca aieiiaindbasdos Measure of the activity (rate of disintegra- 

tion or decay) of a radioactive substance. 
More specifically, that quantity of a radio- 
active nuclide decaying at a rate of 3.7 
10° atoms per second or 2.210 atoms 
per minute. 

Ju'é Gm Seah One-thousandth of a curie. 


Controlled area 


Millicurie (mce.) 


Microcurie (ywe.) .........--.-- One-millionth of a curie. 

Micromicrocurie (ye.) -..-..- One-millionth of a microcurie, or one-million 
millionth of a curie. 

aitoe bee ecnicaate One million curies. 


Megacurie (Mc.) 
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GLOSSARY—Continued 


Seeqeiicednwn cme ntecae mene The dictionary definition is not appropriate 
in radiation protection. Definitive prac- 
tice requires that the term be used in such 
combining forms as radiation dose, ab- 
sorbed dose, whole body dose, partial 
body dose, etc. . Where the context hag 
established the specific meaning intended, 
it is common practice to use the term 
“dose’’ without repeating the modifier. 
Comprehensive discussion of the use of the 
term ‘‘dose’’ is contained in such reference 
documentsas M DDC-1100and CRUSP-1.! 
(See Radiation dose.) . 

Dose-effect relationship__._._.-- -- The magnitude of a specific biological effect, 
expressed as a function of the radiation 
dose producing it. It is frequently repre- 
sented as a curve described as a dose- 
effect curve, dose-effect response curve, or 
dose response curve. 


GOD. cn iccnncacennnanedee Any of several devices used for measuring 
dose and dose rate from various ionizing 
radiations. 
peste. Jo. scuwusviciusele. oe Often used in the sense of being made subject 
to the action of radiation. 
Metbebeh. Jit ok Unplanned, unintended exposure to ionizing 
radiations. 
RMIONOT 2). 2s o86 ses eee A short-term, planned exposure to ionizing 


radiations in excess of long-term makxi- 
mum permissible limits as a result of un- 
usual circumstances. 
Environmental---.......-.-- Exposure to natural and artificially produced 
sources of ionizing radiation beyond the 
boundaries of the controlled area. 


enna ois. 6. Joel eel Ate The exposure of body tissues to ionizing 
radiations originating from sources outside 
the body. 

Patersal. 2: vit cui Aer The exposure of body tissues to ionizing 


radiations originating from radionuflides 
contained within the body. (See Internal 
emitters. ) 


Rees sisi. oN ER The exposure to ionizing radiations of a small 
fraction of the whole body. 
Metiea: i véucw se. 204...2 Exposure to ionizing radiations for thera- 


peutic or diagnostic purposes; broadly, the 
purposeful exposure of patients by prac- 
titioners of the healing arts. 

Nonoccupational__-......--- Exposure of individuals to ionizing radiations 
outside of controlled areas and exclusive 
of medical exposure. 


Occupational__-_.-...-...---- Exposure of an individual to ionizing radia- 
tions by reason of his work. 

who Doay..<...<.... 38th ' Literally, the exposure to the whole body. 

Gamma rays (7 rays) ------------ Electromagnetic waves of very short wave- 


lengths produced during the disintegration 
of radioactive elements. 

eee. ....... test Ae The time taken for the activity—or for the 
total number of atoms—of a radioactive 
nuclide to decay or disintegrate to one-half 
of the initial value. 

1 Cantril, 8. T., and Parker, H. M. ‘The Tolerance Dose,”’ MDDC-1100. Argonne National Labora 
tory, Jan. 5, 1945. 


Parker, Hl. M. “Some Background Information on the Development of Dose Units,” CRUSP-l1. 
American College of Radiology. November 1955. 
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GLOSSARY—Continued 


Half-life—Continued 

Biological half-life ._ By analogy, the time taken for the total 
number of atoms of a nuclide to be reduced 
to one-half of the initial value by biological 
removal processes (of the body). Radio- 
active decay is not involved. 

Effective half-life By analogy and combination, the time taken 
for the total number of atoms of a radio- 
active nuclide to be reduced to one-half 
of the initial value by combined radio- 
active decay and _ biological removal 
processes from the body. 

Average life or mean life.....__ A particular atom can decay now, later, or 
never. The average or mean life ex- 
pectancy of a number of the same radio- 
nuclides is a definite quantity, however, 
and is equal to 1.4 times the half-life. 

Atoms of the same element, i.e., having the 
same atomic number, but of differing 
atomic weight are called isotopes of that 
element. The isotopes of an element are 
almost identical in chemical properties, 
and in all physical properties except those 
determined by the mass of the atom. The 
different isotopes of an element contain 
different numbers of neutrons in their 
nuclei. Nearly all elements found in 
nature are mixtures of several isotopes. 

Internal emitters _ —__-_- Radionuclides contained within the body. 

a An atom or aggregate of atoms, which is not 
electrically neutral, viz, negative ion, 
positive ion. In certain circumstances an 
electron may be described as a ‘‘negative 
ion.”’ 

Natural background radiation Ionizing radiations from naturally occurring 
radionuclides as they exist in nature plus 
cosmic radiation. 

Neutron An uncharged nuclear particle of approxi- 
mately the same mass as a proton. 

Fast neutron A neutron having an energy between 10 Kev. 
and 10 Mev. 

Slow neutron_-___-_-...--.--- . A neutron of low energy. The upper limit of 
energy is dften taken as 1 ev. 

Thermal neutron A neutron in termal equilibrium with its 
surroundings. At 15° C., the mean energy 
is about 0.025 ev. 

Nuclide An atom of a particular species; thet is, 
characterized by an atomic number and an 
atomic weight. 

, NoTE.—».U*5 is a nuclide. Uranium as it occurs naturally consists pri- 

marily of two nuclides, 9.U%*5 and y.U*, which together bear the relationship 

i of isotopes. 

Organ burden__- The quantity of a radionuclide in a particular 

‘ organ or tissue at the time of interest. 
(See Body burden.} 

. The radiation dose received by a particular 
body organ or tissue. The radiation may 
be from an external or internal source. 

The population dose divided by the number 
of individuals in the population. 

The radiation dose received by members of a 
population. 

A nuclear particle of unit mass number hav- 
ing a charge equal and opposite to that of 
an electron and having a mass of 1.672X 
10-* gram. The nucleus of the lightest 
hydrogen isotope is a proton. 
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GLOSSAR Y—Continued 


Radiation (ionizing) Radiation capable of producing ions inva 
medium. Examples are X- and gamma 
rays, alpha and beta radiation, and cosmic 
radiations are examples of ionizing radia- 
tion. 

Rad _. The unit of absorbed dose (of radiation) in 
matter, equal to 100 ergs per gram. A 
measure of the energy imparted to matter 
by the ionizing radiation per unit mass of 
the irradiated material. 


Rep _.. An older unit, now replaced by the rad. 
Equal to 93 ergs per gram of tissue. 
Rem That quantity of any type of ionizing 


radiation which, when absorbed in the 
human body, produces an effect equivalent 
to the absorption of 1 roentgen of X-+or 
gamma radiation at a given energy. 

Roentgen, the (r.)......_--- That quantity of X- or gamma radiation 
required to produce in dry air (1 cc.) ions 
carrying 1 electrostatic unit of positive 

: or negative charge. 


Note.—The absorbed dose (in tissue) expressed in rad, multiplied by 
the RBE (q.v.) for the type of radiation concerned, gives the biologically 
effective dose in rem. 

Relative biological effective- Defined in the note above. For X- and 
ness (RBE). gamma radiation, the RBE is 1. For 


alpha particles and neutrons, the RBE is 
greater than 1. 


Radiation effect ._ A response or change induced by exposure 
to ionizing radiation. 
Clinical __ ‘ A change of sufficient magnitude that it can 


be recognized by a trained observer or 
measured by laboratory tests. 

_....... A change which affects the foetus and exists 

at the time of birth. 

Genetic _ _ - _....... A change in a reproductive cell which would 
alter the characteristics of an individual 
produced from the affected cell or which 
causes a mutation that is inheritable by 
subsequent generations. 

Somatic __- ...-. A change produced in any tissue which 
alters the normal body processes of the 
irradiated individual. 

Radioactivity 2. . 02-224. epedc The property or process whereby certain 
elements or nuclides spontaneously emit 
particles and/or gamma rays by the dis- 
integration of the nuclei of their atoms. 

Radionuclide__-- .....-.- A radioactive nuclide. 

Standard man__- _... A hypothetical individual characterized by 
body organs of a size and functional 
capacity and with rates of ingestion, in- 
halation, elimination, ete. which consti- 
tute a useful biological model for man. 

pa Pctte _.. One micromicrocurie of Sr® per gram of 

calcium, usually in bone but now ex- 
tended to items of food and milk. 

bs Luedes cee An exposure control established with due 
regard for: the probability of multiple 
radiation exposure in one task, the prac- 
tical limitations of dose measurement, and 
the acknowledged degree of uncertainty 
in different exposure standards; such that 

the actual personnel exposure will not 

exceed the maximum permissible limit. 


Congenital 


TR 
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Strontium unit ( 


Working limit 
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HEARINGS AND SELECTED MATERIALS ON RADIATION 
PROTECTION CRITERIA AND STANDARDS: THEIR BASIS 
AND USE 


{In using the index the ‘‘H”’ refers to the Hearings; those page numbers without 
letters refer to the selected materials preprint.) 


A 
Abrahams, Albert: 
biography, 170H 
statement, 170-173H 
Absorbed dose, calculation, 328-329 
(See also RAD.) 
Absorption spectra, peptides, AEC contract, 814 
Accelerators. (See Particle Accelerators.) 
Acceptable risk. (See Risk.) 
Accidental exposure. (See Exposure (accidental).) 
Accidental injury: 
definitions, 986 
workmen’s compensation, 976 
Accidents. (See Nuclear accidents.) 
Acne, X-ray therapy, 434H 
Acute exposure. (See Exposure (acute).) 
Acute radiation syndrome, 629H 
Administ — XIV, 81-82, 138, 140-141, 730, 732-734, 173H, 441-500H, 
558-559 
Administrative Procedures Act, 138H, 140-142H, 302-303H, 454H, 439H, 547- 
548H, 561H 
municipal, 514-515H 
states, 684H 
Adrenal gland: 
radiation effects on cortex, AEC contract, 812 
radiation effects on steroids, AEC contract, 831 
salt and sulfur metabolism in irradiated adrenalectomized rats, AEC contract, 
824 
Adulterated food. (See Food.) 
Advisory Committee on Reactor Safety, 103-104: 
nuclear merchant vessel activities, 947 
Advisory Committee on X-ray and Radium Protection, 735, 625H 
NCRP predecessor, 84, 93 
Aerial monitoring. (See Monitoring.) 
Aerosols. (See Atmospheric contamination and Fallout.) 
Aerospace nuclear propulsion: 
accidents, 158-159 
aircraft, 155-167, 490, 618, 395-396H, 401H, 468H 
auxiliary power, 52, 159-163, 618, 396-397H, 401H 
crew exposure, 157, 617 
DOD activities, 468H 
iodine 131 release, 618 
Kiwi A field testing, AEC contract, 853 
NCRP safety recommendations, 155-159 


1The Joint Committee on Atomic Energy wishes to acknowledge the assistance of William E. Bast, 
Charlie M. Pierce, and Hugh E. Voress, Office of Technical Information Extension, Oak Ridge, Tenn. 
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Aerospace nuclear propulsion—Continued 
operational bases, 157-158 
population exposure, 158-159, 164-165, 618 
ramjets, 164-165, 618, 397-398H, 401H 
regulations, 472, 617, 395-398H 
rockets, 165-166, 618, 398H, 401H 
safety, 155-167, 490, 617-618, 395-398H 
shielding, 156-157, 617 
AFL-CIO: 
advisory committee proposals, 152H, 295H, 548-549H, 561H 
Metal Trades Department letter to JCAE, 564-565H 
proposed legislation, 124-125, 547-549H 
Public Law 86-373, opposition, 124 
questions concerning FRC guides, 561-562H 
recommendations for administration of standards, 126-127, 561-562H 
Staff Committee on Atomic Energy, 128H 
statement, 124-127 
unions represented at hearings, 545H 
Age: 
critical, 285-2! ‘ 
effects on cataract production in animals, 641H 
effects on isotope uptake, 1090-1091, 631H 
effects on MPC values, 1110, 1120 
effects on radioisotope/tissue equilibrium, 631H 
effects on radiosensitivity, 813, 631H, 637-638H, 660H, 663H 
Aging, 194-210H: 
(See also Life span, Mortality rates, and Somatic effects.) 
causes, 423, 430, 194-202H, 640H 
connective tissue, radiation effects, AEC contract, 814, 827 
eye lens, AEC contract, 829 
hamsters, radiation effects, 824 
low level radiation effects, 1205 
radiation effects, 58, 251, 266-267, 640, 814, 824, 827, 829, 1205, 179H, 
211-219H, 240-241H, 243H, 633H, 639-640H, 660H 
somatic cell mutation theory, 423, 430, 194-202H, 640H 
tissue culture cells, AEC contract, 825 
vitality curve, 197—202H 
Agricultural Research Service. (See Agriculture, Dept. of.) 
Agricultural and Technical College of North Carolina, bone marrow transplants 
in mice and rats, AEC contract, 847 
Agriculture: 
AEC research program, 534-539 
fallout studies, AEC contract, 822 
land area decontamination, AEC contract, 845 
Latin America, atomic energy uses, AEC contract, 818 
Agriculture, Department of, 967-969, 149H, 160H, 162H, 443H 
animal, plant, and soil sampling, AEC contract, 836 
consultants to FRC, 124H 
milk decontamination, AEC contract, 811 
NCRP recommendations use, 968 
regulations, 967, 91H 
statement, 967-969 
statutory responsibilities in health and safety, 969, 91H 
uptake studies of plants and soil, AEC contract, 811 
Agriculture, Dept. of, Agricultural Research Service, decontamination of land 
areas, research contract, 845 
Agriculture, Dept. of, Forest Service, turpentine sampling for C™ survey, con- 
tract, 838 
Air Force (U.S.): 
atmospheric sampling contract, 836 
development of radiation protection standards, 157 
Medical Advisory Group, 157 
NCRP-NBS standards utilization, 486-487 
Project “‘Ash Can’’, 836 
regulation in wartime, 487, 488 
Special Weapons Center, 482-492, 836 


So 
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Air pollution. (See Atmospheric contamination.) 
Air sampling. (See Sampling.) 
Aircraft: 
background radiation surveying, 710 
civil air regulations, 970-972 
contamination/decontamination, 470, 1060 


nuclear propulsion, 155-167, 490, 618, 395-396H, 401H, 468H 
Alabama: 


radiation disease legislation, 1078 
workmen’s compensation laws, 982, 983, 984, 987, 990, 991, 992, 996, 1001, 
1003, 1005, 1012, 1021, 1029, 1038 
Alaska: 
radiation disease legislation, 1078 
workmen’s compensation laws, 982, 983, 984, 987, 990, 996, 1001, 1003, 
1005, 1012, 1021, 1026, 1029, 1036, 1038, 1049 
Alaska, Cape Thompson area, nuclear explosion effects, AEC contract, 844 
Alaska, University of, flora and fauna ecology, AEC contract, 838 
Albany Medical College, Union University, X-ray effects on metal concentration 
in rat viscera, AEC contract, 811 
Algae: 
ecological studies, AEC contract, 841 
genetics research, 1203 
radiation damage reversal, AEC contract, 828 
Alkaline earth cations, activity determination by membrane electrodes, AEC con- 
tract, 847 
Allee (W. C.) Memorial Woods, ecological survey, AEC contract, 843 
Allergy, radiation effects research, AEC contract, 832 
Alpha particles: 
control of emitters in water, 903-907 
definition, XVII, 817H 
dosimetry, 318 
mining hazards, 631 
RBE, 455, 705-713H 
regulations, Savannah River Plant, 795-796 
surface contamination, 798 
tissue stopping power, 331 
uranium, 654, 657, 683, 687, 724, 797 
urinalysis, 731 
American Association of Railroads, Bureau of Explosives, 149H 
American Bar Association, importance in formulation of standards, 784 
Amariege Board of Health Physics, certification of health physicists, 566-567H, 
569 
American College of Oral Roentgenology, assistance to States, 378H 
American College of Radiology, 157H, 161H 
assistance to States, 378H 
cooperation with American Dental Association, 502H 
reasons for not testifying, 342H 
X-ray safety programs, 1195, 161H 
American Conference of Government Industrial Hygienists, 351-352H 
MAC recommendations, 187 
state use of standards, 115 
threshold values, 1152 
American Dental Association: 
activities, 501-503H 
cooperation with American College of Radiology, 502H 
dental X-ray film research, 502H 
American Medical Association, 157H 
(See also Medical profession) 
reasons for not testifying, 342—-343H 
role in formulation of standards, 783-784 
American Municipal Association: 
Municipal Congress policy statement, 521-522H 
results of study, 508-523H 
statement on standards, 522-523H 
American Public Health Association, 155H 
assistance to States, 378H 
examination of dairy products, 27 
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} 
American Roentgen Ray Society, 1096 | 
reasons for not testifying, 342-343H 
American Society of Mechanical Engineers, boiler and pressure vessel code, 3 
American Standards Association, 157H, 159H 
Air contamination standards activities, 26-27H 
Atomic Industrial Forum committee, 129H 
basic principles, 176-183 
Committee on MAC for Dusts and Gases, 1157 
dental x-ray film work, 502H 
NBS participation, 965 
NCRP standards, 57H, 126—-127H 
Nuclear Standards Board, 79, 173-175, 965, 127H 
radon MPC recommendations, 658-659H 
responsibilities of cooperating bodies, 177, 182-183 
Safety Code for Industrial Use of X-rays, 126H 
standards and revisions approval, 177-183 
standards development and publishing, 93, 107, 174, 176-183 
threshold limits, 1161-1162 
uranium mining and processing, 173-175, 187-191 
American Trudeau Society, assistance to States, 378H 
Amherst College: 
Drosophila, gamma ray effects, AEC contract, 811 
genetic effects of cobalt-60 irradiation, AEC contract, 811 
2-aminoethanethiol, AEC contract, 824 
(2-aminoethyl) thiopseudourea, AEC contract, 848 
Anaconda Corp., conditions in uranium mills, 367H 
Anderson, Clinton P. 
correspondence with A. R. Luedecke, 1073, 364-365H, 375-376H 
correspondence with Allen V. Astin, 691-693H 
letter from Chet Holifield, III-IV 
letter from R. L. Hollingsworth, 1080 
letters from Arthur S. Flemming, 1063, 697H 
letters from Dept. of Interior, 721H, 722-723H 
letter from C. W. Wallhausen, 587—-588H 
Anderson, Elda E.: 
biography, 565H 
correspondence with Arthur S. Flemming, 687-689H 
statement, 565-570H 
Anemia: 
inborn, delineation in mice, AEC contract, 826 
of malignancy, role of serum erythropoietic factor, AEC research contract, 846 
radiosensitivity effects, 630H 
Animals: 
(See also specific animals.) 
agricultural aspects of fallout, AEC contract, 822 
biological half life of cesium rubidium, and sodium, 360 
eare of, AEC contract, 832 
decontamination, 968 
disease, AEC contract, 832 
ecology studies, AEC contract, 838 
fission product metabolism, AEC contract, 816 
genetics research, 1203 
phosphorus 32 concentration, 1240-1241 
radiation effects, 818, 822, 823, 825, 639-640H 
radiation effects extrapolation to man, 56-57, 185-186, 222, 482, 491, 831, 
1204, 630H, 632H, 636H 
sampling, AEC contract, 836 
toxicity research, 1165-1166 
USDA research program, 967-968 
whole body irradiation research, AEC contract, 833 
X-ray effects on megakarocytic, AEC contract, 823 
Animas River, 53-54 
radioactive contamination, 911-912, 381-383H, 389H, 393-394H 
radium 226 content, 391H 
Ankles: 
MPD, 259, 516, 1105, 1138 
Radiation Protection Guides, 122H, 618-620H, 662H 
Ankylosing spondylitis, leukemogenesis, 57, 426, 631H 
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Annual radiation doses. (See Dose.) 
ANP program. (See Aircraft nuclear propulsion.) 
Antibiosis, plankton studies, AEC contract, 841 
Antibiotic, mutagenic properties, 1197 
Antibody-antigen studies 
(See also Immunology.) 
animal response to heterologous renal antiserum radiation effects, AEC 
contract, 822 
basic genetics research, 1203 
immune mechanism, radiation response, AEC contract, 825 
tetanus toxin and toxoid action mechanism, AEC contract, 823 
tissue localizing response, radiation effects on, AEC contract, 821 
X-ray effects on blood, AEC contract, 820 
Antimutagens, AEC contract, 845 
(See also Chemical protection.) 
Antioxidant activity, tissue metal-binding capacity relationship, AEC contract, 
845 
Antiproliferating agent, deficiency effects on cancerogenesis, 203H, 209H 
Anton Electronic Laboratories, Inc., low background level detection tube devel- 
opment, AEC contract, 850 
APA. (See Antiproliferating agent.) 
Appendages: 
MPD, 259, 516, 1105, 1138 
Radiation Protection Guides, 122H, 618-620H, 662H 
Appreciable bodily injury, definition, 205 
Aquatic organisms: 
ecological studies in tropical Pacific, AEC contract, 842 
environmental effects of nuclear explosions, AEC contract, 844 
fission product assimilation, AEC contract, 841 
fresh water midges of Michigan, AEC contract, 839 
iodine metabolism, AEC contract, 841 
radioisotope uptake, AEC contract, 833, 840 
zine 65 content, AEC contract, 840 
Argon, reactor production, 465-466 
Argonne National Laboratory 
dosimetry research, 852 
exposure data, 580 
human metabolism of radioisotopes, 849 
meteorology studies, 843 
modification-of-radiation-effects research, 849 
soil radioactivity from fallout, 790-796H, 798-816H 
standards research, 832 
Arizona: 
radon daughter concentration in mines, 363H 
workmen’s compensation laws, 981-983, 987, 988, 990, 991, 992, 996, 1001, 
1003, 1005, 1012, 1021, 1029, 1038, 1049 
Arizona, University of: 
mutation studies with tobacco mosaic virus, AEC contract, 811 
phosphorus utilization and strontium uptake by plants, AEC contract, 811 
Arkansas, workmen’s compensation laws, 982-983, 986, 987, 988, 990, 991, 992, 
996, 1001, 1033, 1005, 1012, 1021, 1029, 1038, 1049 
Arkansas, University of: 
fallout research, AEC contract, 836 
X-ray effects on Drosophila and toad development, 811 
Armed Forces Inst. of Pathology. (See Defense, Dept. of, Armed Forces Inst. of 
Pathology.) 
Armed Forces-National Research Council, committee on bio-astronautics, 1061 
Armour Research Foundation, (See Jllinois Institute of Technology.) 
Army (U.S.), Corps of Engineers, scintillation crystal research and development, 
AEC contract, 850 
Army reactors. (See Nuclear reactors.) 
Arteries, atherosclerosis-cholesterol research, AEC conttact, 833 
ASA. (See American Standards Association.) 
“Ash Can” project, AEC joint contract, 836 
Asphyxiants, threshold limit values, 1154 
Association of State and Territorial Health Officers, 155H 
assistance to states, 378H 
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Astin, Allen V., correspondence with Clinton P. Anderson, 691-693H 
Astronautics. (See Bio-astronautics.) 
Atherosclerosis, cholestoral metabolism, AEC contract, 833 
Atlantic Research Corporation, atmospheric sampling, AEC contract, 836 
Atmospheric contamination: 
(See also Fallout.) 
ASA standards, 84—90 
Air Pollution Research and Technical Assistance Act, 155H 
“Ash Can” monitoring program, 836 
benzpyrene, 409-410 
frames, 1197 
Goodyear Atomic Corporation activities, 728 
government control, 490-491 
Hanford control activities, 744-749 
industrial hygiene, 45 
industrial waste, 1179 
iodine isotopes, 232—233, 289, 466, 618, 748, 796, 645H, 806H 
legal aspects, 1180-1181 
monitoring, 708-709, 728, 836 
MPC values for radioisotopes, 474, 775-776, 1091, 1105, 1107-1109 
Oak Ridge, Tennessee (1949-1959), 712 
PHS recommendations, 602H 
Radiation Surveillance Network, 900-902 
radon isotopes, 11, 300, 322-323, 371-372, 901-902, 1207, 9H, 17-18H, 26H, 
636H, 646H, 658-659H 
regulations, 758, 1180-1181 
sampling, 836, 837, 839, 872, 353-363H 
scavenging by rain, AEC contract, 837 
smog, 49-50, 70 
uranium mines, 115, 174-175, 189-191, 193, 300, 631, 754-756, 1207, 353- 
363H, 430-431H, 658-659H, 741H, 745-746H 
Atomic bomb casualties, 641H 
AEC study contract, 832 
cataract incidence, 641H 
children, 1192 
dosimetry studies, 1060 
epidemiological studies, 426-427, 832, 1060-1083, 1204-1205, 641H 
genetic studies, 832-833, 1060, 1199 
leukemia incidence, 426-427 
Atomic Bomb Casualty Commission, 641H 
medical-epidemiological studies, 1060 
PHS participation, 160H 
standards research, 832 
Atomic bomb warfare. (See Nuclear warfare.) 
Atomic bombs. (See Nuclear weapons testing.) 
Atomic energy: 
agricultural applications in Latin America, AEC contract, 818 
Federal-State relationships, congressional hearings, 1072, 625H 
industrial hygiene, 103-104 
information, need for Federal clearinghouse, 515H, 522H 
uses, XV 
Atomic Energy Act of 1954, 919 
licensing and regulation authority, 518-519 
section 274(j), 123 
Atomic Energy Commission, 160H, 162H 
administration of standards, 456—-467H 
agriculture research program, 534-539 
Albuquerque Operations Office, 853 
biomedical research program, 534-539, 810-853 
10 CFR, Part 20 amendments, 551-552H 
civil effects test program, 853 
Coast Goard research liaison, 948 
comments on fallout hearings, 1080—1082 
comments on grants-in-aid, 1077 
comments on hearings on biological and environmental effects of nuclear war, 
1082-1083 
comments on hearings on radiation hazards and workmen’s compensation, 
1074-1079 









Atomic Energy Commission—Continued 





RADIATION PROTECTION CRITERIA AND STANDARDS—INDEX 7 


comments on ICRP recommendations, 498-504 

contractor inspections, 463H 

Council of State Governments cooperation, 676H 

Division of Reactor Development, 287—288H 

DOD authority conflicts, 469-470H 

ecology contracts, 838-844 

emergency planning program, 1074 

environmental contamination contracts, 836-853 

exposure limits, 271H 

exposure records program, 1074 

fallout research contracts, 836-838 

Federal-State activities cooperation, 1072 

food monitoring program, 577H 

FRC consultants, 124H 

FRC recommendations use, 141-144H 

geological studies at AEC sites, AEC contract, 852 

health physies projects, 852-853, 671H 

health and safety activities, 493-497, 90H 

Health and Safety Laboratory, 43, 838, 852 

industrial hygiene surveys, 852 

information programs, 537, 540-545, 465-466H 

inspection, 531-533, 461-463H, 557-558H 

insurance history, 97-98 

licensees, special tax, 1076-1077 

licensing procedures, 518-530, 512-513H, 522H 

Manual, 507-517, 732, 738, 775 

marine sciences contracts, 838-844 

medical radiation research program, 534-539, 810-853 

micrometeorology contracts, 838-844 

military reactor responsibilities, 607 

mining and milling hazards experience, 630-652 

NBS cooperation, 962, 968 

NCRP recommendations use, 493, 508-517, 523-524, 531-532, 738-741, 
744-749, 1097, 458H 

NCRP relationship, 110-111, 146-147H 

New York state regulatory cooperation, 121-123, 482H 

nuclear merchant ship safety responsibilities, 947-948, 953-954 

Office of Health and Safety, guidance to states, 672H 

PHS coordination in training programs, 560H 

public information, 540-545, 1244 

radiation biology contracts, 811-835 

radiation protection research contracts, 810-853 

radiation safety handbooks, 736-737H 

radiation safety program, 520 

regulations, 78, 108, 505-517, 520, 103H, 137-144H, 147-151H, 431-433H, 
445H, 460—-467H 

research and public education, 1244 

research programs, 534-539, 810-853 

source and special material control, 505-506, 683-684H 

standards, 505-506, 546-568, 865, 953, 1067, 145H, 150-152H 

statement, 493-853 

States assumption of regulatory control, 121-123, 93-94H, 150-151H, 480H, 
482H, 552-559H, 669-686H 

States, technical assistance, 860-861 

States, training of personnel, 112-113, 671H 

statutory responsibilities in health and safety, 90H 

training programs, 112-113, 1074, 560H, 671H 

uranium mills, radiation control, 632, 365-375H 

uranium mines survey, 364-365H 

waste disposal researeh contracts, 838-844 

waste disposal, regulatory authority, 103H 

waste handling facilities, 625 

weapons testing activities, 218-219 bs 

workmen’s compensation, radiation hazards problem, 1076 


Atomic Energy Commission research contracts. (See specific institutions and 
subject of research contract.) ; 
Atomic Energy Control Act of Canada, health and safety regulations, 1182-1190 
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Atomic energy workers: 
(See also Exposure (occupational).) 
Canadian requirements, 1186 
contamination, 763 
cyclotron operators, 1204 
definition, 1185 
education, 108 
exposure records, 117, 196, 789-790, 957, 1074, 1188, 679H 
health physics organization, 255-258 
hygiene in uranium operations, 43, 195-196, 367-375H 
monitoring, 1145 
plutonium uptake and metabolism, 743, 790, 833 
pregnancy, exposure regulations, 1150 
rotation and turnover, 296, 782 
supervisor responsibilities, 702, 719 
uranium uptake, 654, 687, 790 
Atomic Industrial Forum, 79 
seminar, 289-291H 
sponsorship of ASA Committee, 129H 
Atomic warfare. (See Nuclear warfare.) 
Attenuation of radiation. (See Shielding.) 
Automobile fumes, mutagenic properties, 1197 
Autoradiography, intestinal tissue examination, AEC contract, 812 
Average dose, definition, 211-213, 817H 
Average life, definition, XVIII, 819H 


B 


Background radiation, 7-8, 15, 31-32, 399+401, 433, 17H, 648-649H 

(See also Environmental radiation.) 

AEC site studies, 852 

aerial survey, 710 

basis of population MPD, 405-406, 930-932, 1089, 159H, 221-223H, 229H 

bone tumor influence, 414-415 

Brazil, 268 

building materials, 234 

carbon-14 contributions, 11, 17-18H 

compared with fallout levels, 484 

compared with medical exposure, 32, 1127 

congenital malformation influence, 1244, 384-385H, 390H 

cosmic ray, contributions, 234, 17-18H 

definition, 817H 

definition, natural, 819H 

discussion, 1134-1135 

dose, 30 year per capita in U.S., 11, 18H 

dose rate, 18H, 136H, 801H, 811H 

epidemiological studies, 435, 832, 53H, 384-385H, 390H 

FRC guides, 654H, 662H 

gamma activity, 910, 17H, 18H, 136H, 801H, 811H, 815-816H 

genetic dose, 277-283 

human body gamma ray dosimetry, AEC contract, 815 

Illinois waters, 268 

India, 268 

leukemia incidence influence, 53H 

low level detection tube development, AEC contract, 850 

measurement, 43 

monitoring at Goodyear Atomie Corp., 728-729, 734 

population exposure, 11, 236, 643, 930, 18H, 159H, 646H 

potassium-40 contributions, 11, 17-18H, 801H, 811H 

radium contributions, 11, 234, 17-18H 

radon contributions, 17-18H 

thorium contributions, 234 

thoron contributions, 11, 901-902, 17-18H 

total exposure, 236 

uranium contributions, 234 
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Bacteria: 
asporogenic mutant production, AEC contract, 827 
genetic and biochemical effect of radiation, AEC contract, 828 
genetics research, 1203 
nucleic acid synthesis, AEC contract, 830 
particle structure following irradiation, AEC contract, 831 
radiation sickness influence, AEC contract, 814 
standards for milk, 27 
transformation of resistance to virus, AEC contract, 819 
Barium, calcium and strontium relationships in soils and vegetation, AEC con- 
tract, 826 
Barium 137-cesium 137 mixtures, ovary doses, 321 
Barium 140: 
fallout levels, 466 
milk levels, 897 
Barium 140-lanthanum 140 mixtures, ovary doses, 321 
Barley, mutations, radioinduced, AEC contract, 822 
Basic standards (See Primary standards) 
Bateman, J. L., statement on RBE, 699-719H 
Battelle Memorial Institute, DNA metabolism in irradiated cells, AEC contract, 
812 
Baylor University, College of Medicine, intestinal radiation death studies, AEC 
contract, 812 
Bees: 
evolution acceleration, radioinduced, AEC contract, 824 
mutations, radioinduced viability, AEC contraet, 823 
Behavior, conditioned, radiation effects, AEC contract, 813 
Beneficial effects of radiation. (See Socioeconomic factors.) 
Benzene, handling problems, 1155 
Bermuda Biological Station for Research, Inc., plankton ecology_of Saragasso 
Sea, AEC contract, 838 
Berry, Frank B., statement, 467-470H 
Beryllium, industrial hygiene, 43 
Beta particles: 
(See also specific beta emitters e.g., Phosphorus-32.) 
air activity, 900-902 
definition, XVII, 817H 
dosimetry, 318 
eve effects, 1207 
Fernald F MPC operations, 776-777 
handbooks on sources, 6 
NCRP recommendations, 776-777 
RBE, 1115, 707-713H 
skin irradiation, 811, 833 
SRP standards for emitter release to environment, 795 
strontium 90, 457-458 
tissue stopping power, 331 
tumor cell growth effects, AEC contract, 821 
uranium decay products, 654, 683, 797 
water monitoring, 903-908 
Beverly, R. G., statement, 192-197 
Biemiller, Andrew J.: 
biography, 544H 
statement, 544-563H 
Bikini Atoll, radiation studies, AEC contract, 844 
Bio-astronautics, Armed Forces—NRC committee, 1061 
Biochemical Research Foundation, antimutagen research, AEC contract, 845 
Biochemistry: 
(See also specific biochemicals.) 
gene relation to biochemical reactions, AEC contract, 831 
physical studies, AEC contract, 853 
radiation research, AEC contracts, 815, 833 
Biological concepts, XI, 185-186, 222, 251-254H 
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Biological half-life: 
(See also Excretion and Retention.) 
ealcium 45, 366 
cesium 134, 360 
cesium 137, 360, 370 
definition, X VIT, 921, 819H 
iodine 131, 253, 366 
radiolead, E DT: A effects on total body burden in dogs, AEC contract, 815 
radium, 359, 362-363, 366 
rubidium, 360. 
sodium, 360 
strontium 90, 366 
thorium in lungs, 375 
thorium 232 in bone, 376-377 
Biological model: 
body burden estimation uncertainties, 379-380 
definition, 817H 
synergism, 857, 1201 
Biological sampling. (See Sampling.) 
Biology: 
(See also Radiation biology.) 
research methods, 29-31, 834 
space research, 833, 1961 
theoretical studies, AEC contract, 832 
Bioluminescence, AEC contract, 819 
Biomedicine research, 491-492 
AEC programs, 534-539, 810-853 
Biophysics, 29-31 
AEC projects, 832-834, 850, 853 
macromolecular component ‘radioalteration, AEC contract, 828 
molecular, AEC contract, 816 
Biosphere. (See Ecology.) 
Biota. (See Ecology.) 
Birth defects. (See Congenital defects.) 
Blood: 
(See also Bone marrow, Hematopoietic tissue, and Leukemia.) 
body dose from potassium 40 in red cells, 136H 
cell scanner, AEC contract, 825 
coagulation research in hemorrhagic disease, AEC contract, 846 
colloids, radioinduced changes, AEC contract, 825 
fetal cell homotransplantation, AEC contract, 848 
hematology research, AEC contracts, 832, 833, 846 
leucopenia, radioinduction, 136H 
leukopoietic factors, AEC contract, 845-846 
platelet physiopathology and substitute development, AEC contract, 847 
piatelet production and destruction factors, AEC contract, 826 
radioinduced reversible changes, 136H 
X-ray effects on antibody mechanism, AEC contract, 820 
Bodily injury, <= hee 205 
Body burden, 637-640H 
(See also Maximum Permissible Concentratiuvn.) 
body shape effects, 655H 
carbon 14 breath analysis, 334 
control methods, 656-657H 
definition, 630H, 817H 
determination, 379-380, 656-658H 
distribution, 822, 1086, 1090, 655H 
dosimetry, 1107, 655-659H 
iodine 131, 253-254 
maximum permissible, 6, 1106 
plutonium in HAPO workers, 743 
power function model, 1102 1103 
radicisotones, 637 640H, 659H 
radium, 299-300, 326, 333-334, 340-343, 356-357, 359, 362-363, 366, 1207, 
639H 
relation to MPC values, 935 
‘strontium 90, 73, 383-386 
thorium 228 breath analysis, 333-334 
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Body organs. (See Critical organ and Organs.) 
Bogue Sound, North Carolina, ecological studies, AEC contract, 842 
Boiler code, American Society of Mechanical Engineers, 3 
Bond, V. P., statement on RBE, 699-719H 
Bone: 
age effects on calcium/strontium 90 equilibrium ratio, 631H 
Ankylosing spondylitis, 57, 426, 631H 
annual environmental exposure, 645H 
body dose from skeletal radium, 136H 
demineralization studies, AEC contract, 845 
destruction mechanisms, AEC contract, 820 
estrone 16 C distribution in mice, AEC contract, 814 
exposure, 30-year per capita, 18H 
ICRP considerations, 1130 
metabolism studies, AEC contracts, 830, 847 
mineral uptake and turnover, AEC contract, 830 
MPD, 259, 275, 517 
radiation effects, 1207, 629H, 631H 
Radiation Protection Guides, 122H, 618—620H, 662H 
radioisotope concentration from Columbia River water, 747 
radioisotope deposition, AEC contracts, 819, 829, 835 
radioisotope mobilization and transport research, AEC contract, 819, 825, 
835 
radium concentration, 1207, 136H 
radium uptake and pathogenicity, 58, 339-340, 438, 441, 446-453, 1206, 
630H, 635—-636H 
radium 226 decay energy absorption, 345 
radium 226, dosimetry by tissue analysis, 351 
radium 226 non-uniform distribution, 440—441 
radium 226 standard for bone seekers, 300, 343, 350, 382-388, 437-441, 457, 
459-460, 935, 1105 
RBE for bone seekers, 437-441, 934-935 
strontium 90 decay energy absorption, 346 
strontium 90 demineralization, AEC contract, 845 
strontium 90 deposits in human, 160H 
strontium 90 dose from fallout, 644H, 812H 
strontium 90 uptake, 1090, 160H, 630H 
thorium deposition and retention, 376-377 
tumor radioinduction, 58, 339-340, 348-349, 352, 414-415, 446-453, 1130, 
180H, 636—-640H 
Bone marrow: 
(See also Blood and Hematopoietic tissue.) 
cesium 137 dose, 644H 
collection and use from human cadavers, AEC contract, 846 
immunological research, AEC contract, 845 
isologous and heterologous, AEC contract, 848 
mice and rat research, AEC contract, 847 
monkeys, perfusate protective studies, AEC contract, 848 
population doses, 645-646H 
protection mechanisms research, AEC contract, 845 
radiation effects, 629H 
strontium 90 dose, 351, 644H 
transplantation, AEC contracts, 845-849 
Bone-seeking radioisotopes. (See specific isotope, e.g., Radium, Strontium, and 
Thorium.) 
Bost, William E., standards literature search, 1211-1238 
Boston College, radiation effects on tetrahymena cell division, AEC contract, 812 
Boston University, radiation effects on rat adrenocortical tissue, AEC contract, 
812 
Braestrup, Carl B., statement, 168-172 
Bragg curve, 704—705H 
Brain. (See Nervous system and Psychology.) 
Brazil, background radiation levels, 268 
Bread, strontium 90 content, 72 
Breath analysis° 
carbon 14 body burden estimation, 334 
radium 226, radium 228, radon 220, radon 222, and thorium 228 
detection, 333-334 
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Brigham Young University: 
animal comparative ecology, AEC contract, 838 
vertebrate epidemiology studies, AEC contract, 839 
British Atomic Energy Authority. (See United Kingdom Atomic Energy Au- 
thority.) 
British Medical Research Council, 84H 
British X-ray and Radium Protection Committee, 435H 
Bromine, from reprocessed uranium fuel elements, 645H 
Bronchioles. (See Respiratory system.) 
Bronchogenic cancer, miners, 636H 
Bronchus. (See Respiratory system.) 
Brookhaven National Laboratory: 
dosimetry and instrumentation research, 852 
meteorology studies, 843 
radioactive waste, 556-559 
standards research, 832 
Brown University: 
cosmic ray and microbeam effects on mammalian Skin, AEC contract, 812 
radiation effects on cytoplasm of Habrobracon eggs, AEC contract, 812 
Bruce, W. Ironside, 435H 
Brues, Austin M.: 
‘‘Somatie Effects,’’ reprint, 417-436 
statement, 408-415 
Bubble chambers, AEC construction contract, 850 
Budget, Bureau of. (See Bureau of the Budget.) 
Buffalo, University of, bone marrow transplant research, AEC contract, 845 
Bufo valliceps, X-ray effects, AEC contract, 811 
Building materials, radioactivity, 234, 277 
Buildings: 
background radiation levels, 8, 17H 
design and location, 257-258 
radiation levels in various types of houses, 7, 15H 
Bureau of the Budget, federal radiological health activities letter, 595-596H 
Bureau of Employee’s Compensation. (See Health, Education, and Welfare, 
Department of.) 
Bureau of Mines. (See Interior, Dept. of; Bureau of Mines.) 
Bursitis, X-ray therapy, 434H 
Buschke, Franz, ‘‘Possible Hazards of Repeated Fluoroscopes in Infants’’, 437H 
Butler, Allan M.: 
biography, 578H 
statement, 578—583H 
Byproduct material, definition, 519 


Cc 


Calcification, radiation effects on cartilage, AEC contract, 823 
Calcium: 
age effects on calcium/strontium equilibrium ratio, 631H 
barium and strontium relationships in soil and vegetation, AEC contract, 826 
biological half-life, 366 
dietary, strontium uptake effects, 387, 935 
metabolism in humans, AEC contract, 822 
strontium discrimination site studies, AEC contract, 821 
uptake from soils, AEC contract, 820 
Calcium 45, retention formula constants, 366 
California, workmen’s compensation laws, 982-983, 984, 986, 987, 990, 992, 995, 
996, 1001, 1003, 1005, 1011, 1012, 1019, 1021, 1026, 1029, 1036, 1039 
California Industrial Health Commission, radium waste shipment, 938-939 
California Institute of Technology, genetic and cytological effect of high energy 
radiation, AEC contract, 812 
California, Universities of: 
age effects on radiosensitivity, AEC contract, 813 
chelating agent behavior in biological and soil systems, AEC contract, 813 
chemical dosimetry, AEC contract, 853 
conditioned behavior, radiation effects on brain wave correlates, AEC con- 
tract, 813 
development studies of preirridiated transplanted mouse embryos, AEC 
contract, 813 
dog work capacity and longevity, radiation effects, AEC contract, 812 





Aa 


California, Universities of—Continued 
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fission product studies, AEC contract, 838 

heavy metal transfer in sea water, AEC contract, 839 

Hyperion Treatment Plant tracer studies, AEC contract, 839 

instrumentation, AEC contract, 853 

Kiwi A field testing, AEC contract, 853 

lipid metabolism, radiation effects, AEC contract, 813 

metal binding capacity of tissues, AEC contract, 845 

meteorology research with isotopes, AEC contract, 839 

mice population dynamics, AEC contract, 839 

neutron dosimetry, AEC contract, 853 

nucleic acid inter- and intracellular transfer, AEC contract, 813 

oceanography research with isotopes, AEC contract, 839 

plant root entry mode of strontium and other ions, AEC contract, 813 

protection standards research, AEC contract, 833 

radium 226 toxicity in dogs, AEC contract, 812 

soil decontamination, AEC contract, 813 

strontium 90 ingestion effects during dog growth period, AEC contract, 812 

thyroid cancer induction and metabolic blocks following irradiation, AEC 
contract, 813 

UV light effects on enzymes and viruses, AEC contract, 813 


Canada: 


Atomic Energy Control Act, 1182-1190 

atomic energy employment requirements, 1186 

dosimetry requirements, 1187 

MPD regulations, 1186, 1190 

records and reports maintenance, 1188 

scheduled quantities of radioactive substances, 1189-1190 
warning label and sign regulations, 1187-1188 


Cancer, 637H 


(See also the specific organs or tissues and Leukemia, Somatic effects, and 
Tumors.) 
anemia, serum erythropoietic factor, AEC contract, 846 
background level effects, 414-415 
chemical induction, 409-410, 835, 917, 1158-1170 
childhood neoplasia, AEC contract, 817 
disease induced, 631H 
miners, 745-746, 636H 
MPC considerations, 1130 
nuclear warfare consequences, 1083 
pathogenesis, need for research, 33 
radioinduced, 201-204, 407, 409-410, 414, 446-453, 813, 817, 1130, 1207, 
135H, 434H, 631H, 635H, 641H 
radiologists, 63, 201-204, 635H 
radium dial painters, 299, 446-453, 238-239H, 636-637H 
radon gas effects, 371, 1207, 636H 
somatic mutation theory, 423-431, 1199, 1209, 179-181H, 202-210H, 637H 
strontium 90 RBE for induction, 639H 
X-ray therapy, 434H 


Cancerigens (chemical), 917 


AEC research contract, 835 
compared with radiation cancerogenesis, 409-410 
threshold limits, 1158, 1170 


Cancerogenesis. (See Cancer, Leukemia, and Somatic effects.) 
Capillaries, radioinduced changes in fragility, AEC contract, 825 
Carbohydrates, metabolism, AEC contract, 832 

Carbon 14: 


background radiation contribution, 11, 17-18H, 646H 
body retention, AEC contract, 827 

breath analysis for, 334 

estrone studies in mice, AEC contract, 814 
fallout contributions, 1192-1193 

HEW comments, 1066 

nuclear explosions contributions, 806H 

nuclear reactors contributions, 465-466 
population exposure, 11, 646H 

turpentine sampling program, AEC contract, 838 


71535—61——2 
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Carbon dioxide, mixing rates in the ocean, AEC contract, 839 
Carbon tetrachloride, handling hazards, 1155, 1173-1174 
Carcinoma. (See Cancer.) 
Carge regulations, 941-948, 950, 970-972 
Cargilage, radiation effects, AEC contract, 823 
Casualties. (See Atomic bomb casualties.) 
Cataracts: 
age and health factors in animals, 641H 
incidence among atomic bomb casualties, 641H 
incidence among cyclotron operators, 1063 
lens exposure area factor, 641H 
radioinduced, 818, 846, 1063, 135H, 641H 
RBE of sources, 641H 
Catholic University radiation detector, AEC contractor, 813 
Cavers, David F. 
biography, 471H 
“‘General Nature of OPA Pricing Standards’’, 768—-786H 
participation in panel discussion, 471-500H 
Cavity ionization, equivalence to absorbed radiation energy, AEC contract, 851 
Cedars of Lebanon Hospital, Institute for Medical Research, radiation-aged 
‘ connective tissue, AEC contract, 814 
Yells: 
aging in tissue culture, AEC contract, 825 
bacteria irradiation, AEC contract, 831 
beta and X-ray effects on free tumor cells, AEC contract, 821 
blood cell scanner, AEC contract, 825 
cytoplasm, irradiation of Habrobracon eggs, AEC contract, 812 
cytoplasmic factors of male-sterility in corn, AEC contract, 817 
deuterium oxide effects on normal and infected, AEC contract, 831 
division, radiation effects on dehydrogenase activity, AEC contract, 812 
DNA metabolism in giant and normal irradiated cells, AEC contract, 812 
Drosophila research, AEC contract, 834 
electron transport, AEC contract, 830 
extracts, influence in radiation injury repair, AEC contract, 826 
genetic and cytological effects of radiation, AEC contract, 812, 827, 831 
growth and reproduction, AEC contract, 834 
hemotopoietic, transfusion, AEC control, 846 
homotransplantation in fetuses, AEC contract, 848 
human culture, genetics, 1203 
immunocytological study of preirradiated transplanted mouse embryos, 
AEC contract, 813 
lethality vs. malignancy in radiation effects, 343 
life span studies, AEC contract, 832 
lipid research, AEC contract, 816 
lymphocyte research, AEC contract, 848 
mechanisms of radiation damage, AEC contracts, 833, 847 
membranes, X-ray effects. 816 
metabolism relationship to radiation recovery, AEC contract, 845 
mitochondrial function, AEC contract, 830 
mitosis studies, AEC contracts, 814, 816, 817 
mouse, turnover systems following irradiation, AEC contract, 830 
nucleic acid transfer, AEC contract, 813 
paramecium research, AEC contract, 818, 834 
physiology research, AEC contract, 834 
protection studies, AEC contract, 849 
radiosensitivity, 630H 
RNA role in plant cell ion concentration, AEC contract, 818 
submicroscopic radioinduced alterations, 922 
tissue culture, radiation effects, 1192 
ultrastructure, AEC contract, 832 
UV radiation effects, AEC contract, 814, 818, 820, 826, 828 
X-ray effects, 816, 821, 1207 
Central Michigan College of Education, ecology and taxonomy of fresh-water 
midges, AEC contract, 839 
Central nervous system. (See Nervous system.) 
Centralized records program of AEC, 1074 
(See also Exposure records.) 
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Ceramic tiles, radioactivity, 235 
Cerium 141: 
ovary doses, 321 
soil activity from fallout, 794H, 796H, 800H 
Cerium 144, soil activity from fallout, 795-796H, 800H 
Cerium 144—Praseodymium 144 mixtures, ovary doses, 321 
Cervical cancer, life shortening due to therapy, 240—-241H, 243H 
Cesium, biological half-life in various animals, 360 
Cesium 134, biological half-life, 360 
Cesium 137: 
biological half-life, 360, 370 
bone marrow dose, 644H 
emergency acceptable levels, 289-291, 1150 
fallout, soil activity, 791H, 796H, 798-816H 
food contamination analysis, 199 
genetic dose, 321, 1091 
liberation in reactor fuel reprocessing, 645H 
milk contamination, 897 
MPC value derivation, 369-371 
Chadwick, Donald R.: 
biography, 107H 
participation in panel discussion, 471-500H 
statement, 107-113H 
Chamberlain, Richard H.: 
biography, 335H 
participation in panel discussion, 418—439H 
statement, 335-350H 
Cheese, strontium—90 content, 1210 
Chelate compounds: 
(See also Chemical protective agents.) 
AET, AEC contract, 848 
aminoethanethiol, AE > contract, 824 
behavior in biological and soil systems, AEC contract, 813 
EDTA effects on lead retention in dogs, AEC contract, 815 
medical uses, AEC contract, 846 
strontium elimination by urine, AEC contract, 846 
Chemical cancerigens. (See Cancerigens (chemical).) 
Chemical irritants, 1154 
Chemical mutagens, 1197-1200 
Chemical protective agents: 
(See also Chelate compounds.) 
antimutagen research, AEC contract, 845 
cell extracts, effects in radiation injury, AEC contract, 826 
chick embryo research, AEC contracts, 849 
intestinal injury studies, AEC contract, 845 
pharmacology studies, AEC contract, 847 
research, AEC contracts, 815, 845, 849 
Chemical toxicity. (See Tovicity.) 
Chemical warfare agents, mutagenic effects, 1197 
Chemistry: 
analytical, protection costs at ORNL, 717 
macromolecules, AEC contract, 833 
photochemical reactions, AEC contracts, 814, 816, 819, 822, 829, 834, 847 
plutonium processing, 698 
radiation, AEC contracts, 815, 833 
a fuel reprocessing, 304, 586-591, 699, 717, 735, 754-774, 579-583H, 
645 
virus research, AEC contract, 819 
Chest X-rays. (See Exposure (medical).) 
‘Chicago Medical School, peptide chain energy transfer studies, AEC contract, 814 
Chicago, University of: 
atmospheric tritium research, AEC contract, 839 
image amplifier development, AEC contract, 850 
standards research, AEC contract, 814 
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Children: 
(See also Human beings.) 
of atomic bomb casualties, 832, 1192 
baby tooth survey, 1241-1242 
dietary effects on strontium 90 uptake, 631H 
growth and development, radiation effects, 641H 
HEW Children’s Bureau, 604H 
ICRP recommended limiting dose, 499-501 
leukemia, 427-428, 1206, 242H, 636H 
medical exposure, 604H 
neoplasia, prenatal X-ray effect, AEC contract, 817 
radiodiagnosis, 436—438H 
radioisotope long-term low-level. genetic effects, 1109 
radioisotope uptake, 1090-1091, 663H 
radiosensitivity, 935-936, 631H, 642H, 650H, 660H, 663H 
standard child, 631H 
strontium 90 uptake compared with adults, 387 
thyroid cancer, 1207, 635H 
thyroid dose from Windscale iodine—-131 release, 289 
thyroid radiosensitivity, 1207, 631H 
Children’s Medical Center—Children’s Cancer Research Foundation, cytopenia 
research, AEC contract, 845 
Chile, State University of: 
bone marrow transplant protection mechanisms, AEC contract, 845 | 
Drosophila genetics, AEC contract, 814 
Chimpanzees. (See Primates.) 
Chloroform (methyl-), occupational hazards, 1173 
Cholesterol, metabolism in atherosclerosis, AEC contract, 833 
Chromium, x-ray effects on concentration in rat viscera, 811 
Chromosomes. (See Genetics.) 
Chronic exposure. (See Exposure (chronic).) 
Cities. (See specific city names and Municipalities.) 
City of Hope Medical Center, leukopoietic factors in blood, AEC contract, 845 
Civil and Defense Mobilization, Office of, 149H 
Civil Effects Test Program, monetary data, 853 
Cleft palate, genetic studies, AEC contract, 829 
Climax Uranium Corporation, conditions in uranium mills, 367-368H 
Clinch River, Tennessee, radioactivity concentration (1950-1959), 713-714 
Clinically significant effect: 
definition, 820H 
latent period, 639H 
radium exposure, 638-639H 
Clothing (protective). (See Contamination zone.) 
Cloud particles, debris collection, AEC contract, 836, 837 
Coagulation, blood research in hemorrhagic disease, AEC eontract, 846 
Coast Guard (U.S.): 
decontamination regulations, 945-946 
DOD cooperation, 942 
FRC cooperation, 948, 124H 
Navy cooperation, 948 
nuclear warfare defense, 942 
port security, 946-947 
pute relations, 949-950 
-HS research liaison, 948 
radiation exposure sources, 949 
research program, 948 
responsibilities, 940-950, 91H, 149H 
shipping regulations, 940-950, 91H, 149H 
Society of Naval Architects and Marine Engineers, 947-948 
Weather Bureau cooperation, 948 
Cobalt 60: 
effects on infection and immunity, AEC contract, 828 
effects on rabbit eggs, AEC contract, 831 
genetic effects, AEC contract, 811 
New York state exposures, 18H 
Code of Federal Regulations. (See Regulations.) 
Coliform, standard for milk, 27 
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College of Medical Evangelists, irradiation and influenza in mice, AEC contract, 
821 


Colleges: 
(See also specific institutions by name.) 
AEC research contracts, 810-853 
PHS training liaison, 874-876 
Colloids, blood, radioinduced changes, AEC contract, 825 
Colorado: 
ecology studies, AEC contract, 839 
epidemiological study of San Juan Basin, 380-383H, 388-389H 
mines, PHS surveys, 192-197, 160H 
mines, radon daughter concentrations, 363H 
mining regulations, 756H 
workmen’s compensation laws, 982, 983, 984, 987, 988, 990, 991, 992, 997, 
1001, 1003, 1005, 1011, 1012, 1021, 1929, 1036, 1039 
Colorado River Basin, vertebrate epidemiology studies, AEC contract, 839 
Colorado State Department of Health, dosimetry of human natural gamma 
emission, AEC contract, 815 
Colorado State University X-ray effects on embryonic hemotopoietic tissue, AEC 
contract, 815 
Colorado, University of: 
chemical protective agents, AEC contract, 815 
ecology of selected stands in Colorado, AEC contract, 839 
radiation effects in biochemistry and organic chemistry, AEC contract, 815 
radiolead retention by dogs, AEC contract, 815 
Columbia River, radioactive effluent from Hanford reactors, 744-749, 1240-1241 
Columbia University: 
bacterial virus conversion to virulence, AEC contract, 815 
bone, demineralization, AEC contract, 845 
carbon dioxide mixing rates in the ocean, AEC contract, 839 
deuterium incorporation into DNA and biological effects, AEC contract, 815 
Drosophila population genetics research, AEC contract, 815 
instrumentation, AEC contracts, 815, 850 
nerve tissue, radiation effects, AEC contract, 815 
nucleic acids, radiation effects, AEC contract, 815 
Columbia University, Lamont Geological Observatory 
fallout, AEC contract, 836 
oceanography, AKC contract, 840 
Colwell, H.A., “X-ray and Radium Injuries, Prevention and Treatment’’, 435H 
Commerce, Department of, 78 
advisory committees, 694-696H 
Manual of Orders, 694-696H 
research and cooperative programs, 962-965 
responsibilities, 962, 90H 
Commerce, Department of; National Bureau of Standards: 
AEC cooperation in research projeets, 962 
ASA cooperation, 965 
biophysics and instrumentation research, AEC contract, 850 
dental X-ray film work, 502H 
Department of Defense contracts, 962-963 
FRC consultants, 124H 
FRC recommendations use, 962 
handbooks, 77, 78, 79, 117-120, 168, 732, 775, 776, 953, 1064, 1085, 1096-1100, 
736-737H 
High Voltage Laboratory, 963-965 
IAEA cooperation, 965 
ICRP representation, 965-966 
instrumentation research, AEC contract, 850 
Internal Bureau of Weights and Measures cooperation, 965 
National Academy of Sciences cooperation, 965 
NCRP relationship, 965, 1097, 58H, 691-693H, 697H 
OCDM relationship, 962 
radiation protection responsibilities, 963, 965, 1096 
research and cooperative programs, 850, 962-965 
statement, 962-966 
World Health Organization cooperation, 965 
X-ray protection responsibilities, 963, 965 
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Commerce, Department of, Weather Bureau: 
Coast Guard research liaison, 948 
meteorological research, AEC contracts, 836, 844 
Commoner, Barry, statement, 1239-1244 
Commonwealth Edison Co., socioeconomic policy in reactor operations, 326-329H 
Compensation (workmen’s). (See Legislation.) 
Congenital defects, 58, 641H 
background radiation correlation, 1244, 384-385H, 390H 
definition, 820H 
genetics research, AEC contract, 829 
mice, AEC contract, 826 
Congressional hearing. (See Hearings (Congressional) .) 
Connecticut: 
nuclear submarine waste discharge, 612 
workmen’s compensation laws, 982, 983, 984, 987, 990, 992, 996, 1001, 1003, 
1005, 1021, 1029, 1039, 1050, 1078 
Connecticut, University of, Marine Research Laboratory: 
benthic fauna, AEC contract, 840 
zirconium-95 in marine organisms, AEC contract, 840 
Connective tissue: 
low-level radiation effects, 1205 
radioinduced aging, AEC contracts, 814, 827 
radioinduced proliferation, 640H 
X-ray effects, 1206-1207 
Conner, Joseph A., statement, 155-167, 395-398H 
Consumers Union statement, 570-577H 
Containment structures. (See Nuclear reactors.) 
Contamination: 
(See also Decontamination) 
aircratt, 470, 1060 
environmental, 402, 567—568, 658, 1205 
foods, 659H 
Government control, 490-491 
hot spot problem, 477, 931, 1064-1066, 1082 
iodine 131 from nuclear aerospace craft, 618 
iodine 131 permissible levels, 255 
milk, emergency acceptable levels, 289-291, 1150 
monitoring at ICPP, 760-763 
NAS-NRC Committee on Sanitary Engineering and Environment, 1060 
operational clearance, 475 
peacetime contributors, 490-491 
personnel, 763 
radon from watches, 610-611 
soils, by fallout 790-796, 813, 838, 845, 526H, 798-816H 
surfaces, 798-800 
uranium, 666-669, 798 
water, 53-54, 268, 556-557, 631, 911-912, 1060, 155H, 381-383H, 389H, 
391H, 393-394H 
Windscale accident, 436 
wounds, by radioisotopes, 330, 332 
Contamination zone: 
change facility, 718 
clothing and equipment, 718 
definition, 718 
delineation, 469 
establishment at ORNL, 722 
high radiation area definition, 469 
regulations, 719-723 
vehicle, 718, 720 
Contraceptives, mutagenic properties, 1197 
Contracts. (See specific institutions performing the work and subject of research 
project.) 
Controlled area: 
definition, 513, 953, 1143, 817H 
occupational exposure, 93 
responsibilities, 1143-1144 
surveys and monitoring, 1144 
warning devices, 1145 
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Cook, Warren A., ‘“‘Present Trends in MAC Values’, reprint, 1157-1158 
Copper, X-ray effects on concentration in rat viscera, AEC contract 811 
Corn: 
breeding, radiation effects, AEC contract, 822 
enzyme activity and nucleic acid metabolism, AEC contract, 817 
male sterility factor radioalteration, AEC contract, 817 
Cornell University: 
fission product metabolism and response in animals, AEC contract, 816 
genetics of populations, AEC contract, 816 
Corning Glass Works, photomultiplier bulb production, AEC contract, 850 
Cosmetics: 
FDA responsibilities, 603H 
mutagenic properties, 1197 
Cosmic rays: 
background radiation contributions, 11, 17-18H 
dose correlation with response, 136H 
dosimetry, 8, 234, 17H, 136H, 643H 
mammalian skin effects, AEC contract, 812 
NAS-NRC studies, 1061 
RBE, 705-713H 
Costs: 
(See also Socioeconomic factors.) 
decontamination at ICPP, 770-771 
discussion on standards, 131-149, 675-676, 750-751, 927-928 
fuel elements, 143, 551-552, 593-601 
monitoring at ICPP, 771-772 
nuclear reactor shielding, 139, 546-548, 551 
protection activities at Fernald FMPC, 778-779 
protection activities at Goodyear Atomic Corp., 734 
protection activities at Hanford, 131-136, 750-753 
protection activities at North American Aviation, Inc., 137-149 
protection activities at Oak Ridge National Laboratory, 715-717 
protection program of National Advisory Committee, 868-869 
protection program at Savannah River Plant, 793-794 
regulation revisions, 661, 678, 697, 716-717, 752-753 
shielding, 139, 546-548, 551, 570, 571, 585, 604-610 
standards revision, 152—153, 546-551, 553-568 
waste disposal, 566, 627, 661 
Cotter Corp., conditions in uranium mills, 368H 
Council of State Governments: 
assistance to States, 378H 
cooperation with AEC, 676H 
legislation recommendations, 1077 
workmen’s compensation activities, 1076, 1079 
Cowie, Dean B., medical radiation practices report, 435H 
Critical age group, 285-287 
Critical mass, special nuclear material, AEC control, 683-684H 
Critical organ, 628-630H 
definition, 921, 817H 
discussion, 1115-1117 
identification, 204, 1115, 1133 
for iodine 131, 252 
MPG, 1105, 1112 
MPD, 516, 1104-1105, 1137 
radiation effects, 204 
radioisotope burden, equation, 324-326 
radioisotope uptake, 211-214 
radioisotopes, energy absorption by tissues, 326-327 
RBE dose rate, 325-326, 1107 
Criticality accident. (See Nuclear accidents.) 
Crooks lens, dose, 135H 
Crops: 
decontamination and protection, 968 
ecological studies, AEC contract, 841 
Crow, James: 
biography, 220H 
participation in panel discussion, 233-254H 
statement, 220-227H 
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Curie, definition, X VIT, 626H, 817H 
Curves. (See Graphs.) 

Cyclotrons, occupational exposure, 1204 
Cytogenetics. (See Genetics.) 
Cytology. (See Cells.) 

Cytopenia, AEC contract, 845 


Dairy products: 
(See also Milk.) 
standards, 27 
strontium 90 content of cheese, 1210 
Dangerous Cargo Act, 941-948 
sears Mining Co., conditions in uranium mills, 368H 
eath: 
acute and chronic exposure, 1204, 1205, 211-214H 
atomic bomb casualties, AEC contract, 832 
metabolic alterations in irradiated rats, AEC contract, 823 
mortality rate, 194-196H, 213-214H, 236-237H 
radioinduced, 263, 267, 296, 812, 818, 136H, 629H 
RBE versus neutron energy in mice, 715H 
workmen’s compensation, 1038-1048 
Debris, collection by cloud particles, AEC contract, 837 
Decontamination, 576-577 
(See also Contamination.) 
AEC research contracts, 845-849 
aircraft, 470, 1060 
animals, 968, 1241 
clearances, 475 
Coast Guard regulations, 945—946 
costs, 307, 770-771 
crops, 968 
fallout, 74, 838 
FDA activities, 603H 
fish, 1241 
food, 200, 811, 968, 1241 
handbooks, 6 
ICPP activities, 760, 770-771 
milk, AEC contract, 811 
PHS activities, 602H 
soils, 813, 845, 968 
standards, 929 
standards for maintenance personnel, 770-771 
water, 1060 
Defense, Department of, 160H 
(See also specific armed services.) 
AEC, conflicts in authority with, 469-470H 
AEC regulations, application, 408—409H 
Armed Forces Institute of Pathology, AEC contract, 816 
Coast Guard defense activities, 942 
DASA consultation services to FRC, 124H 
dosimetry and instrumentation projects, 934 
fallout comments, 1080 
health and safety responsibilities, 90H 
Joint Task Force Seven, 157H 
NBS contracts, 962—963 
NCRP recommendations use, 468H 
OCDM contracts, 962 
population exposure control activities, 919 
projects involving radiation, 468H 
projects related to standards, 934 
regulations, 919, 931, 934, 399-410H, 468H 
statement, 917-936 





Definitions: 








(See also under specific terms and Terminology.) 
accidental exposure, 818H 
accidental injury, 986 
adulterated food, 914 
alpha particle (a particle), XVII, 817H 
appreciable bodily injury, 205 
atomic energy worker, 1185 
average dose, 211-213, 817H 
average life, XVIII, 819H 
background radiation, 817H 
beta particle (8 particle), XVII, 817H 
biological half-life, X VII, 921, 819H 
biological model, 817H 
body burden, 630H, 817H 
byproduct material, 519 
clinical effect, 820H 
code, 1180 
congenital effect, 820H 
controlled area, 513, 953, 1143, 817H 
critical organ, 921, 817H 
curie (c.), XVII, 626H, 817H 
dose, 205, 818H 
dose-effect relationship, 818H 
dosimeter, 818H 
effective half-life, X VII, 819H 
emergency exposure, 818H 
environmental exposure, 818H 
exposure, 818H 
external exposure, 818H 
fast neutron, 819H 
final clearance, 469, 475 
gamma rays (y rays), XVII, 818H 
genetic effects, 820H 
genetically significant dose, 633H 
half-life, XVII, 818H 
health authority, 1185 
health physicist, 1144 
health physics, 566H 
high radiation area, 469 
hotspot, 477 
industrial hygiene, 43 
inspection officer, 1185 
internal emitters, 819H 
internal exposure, 818H 
ion, 819H 
ionizing radiation, 1185 
isotopes, XVII, 819H 
LDso, 491 
localized exposure, 818H 
Maximum Acceptable Concentration,”1157 
Maximum Permissible Dose, 205, 208, 647H, 661H 
mean life, XVII, 819H 
median lethal dose (LDso), 491 
medical exposure, 818H 
megacurie (Mc.), XVII, 817H 
microcurie (uc.), XVII, 1185, 817H 
micromicrocurie (uuc.), XVII, 817H 
millicurie (me.), XVII, 817H 
natural background radiation, 819H 
neutron, 819H 
nonoccupational exposure, 818H 
normal functional operation, 953 
nuclide, X VII, 819 
occupancy factor, 513 
occupational exposure, 818H 
operating criteria, 622 


RADIATION PROTECTION CRITERIA AND STANDARDS—INDEX 21 





22. RADIATION PROTECTION CRITERIA AND STANDARDS—INDEX 


Definitions—Continued 
operational clearance, 469 
organ burden, 630H, 819H 
organ dose, 819H 
per-capita dose, 819H 
population dose, 819H 
primary standards, 250 
proton, 819H 
qualified expert, 1144 
RAD, XVIII, 1115, 23H, 626H, 700H, 820H 
radiation (ionizing), 820H 
radiation area, 469 
radiation effect, 820H 
Radiation Protection Guides, 137H, 617H, 661H 
radiation protection officer, 1144 
radiation protective standards, 221, 622, 19H 
radiation zone, 718 
radioactive waste material, 958 
radioactivity, 820H 
Radioactivity Concentration Guides, 123H, 620H, 627H, 662H 
radionuclide, 820H 
regulated zone, 718 
relative biological effectiveness (RBE), XVIII, 346, 513, 627H, 671H, 700—- 
702H, 820H 
REM, XVIII, 401, 1115, 1186, 23H, 820H 
REP, XVIII, 820H 
restricted area, 469 
roentgen (r), X VIII, 820H 
scheduled quantity, 1186 
secondary operation, 953 
shipboard operation, 953 
slow neutron, 817H 
somatic effects, 820H 
source material, 519 
special nuclear material, 519, 683-684H 
standard clearance, 468-469 
standard man, 820H 
standards, 221, 250, 467-468, 622, 19H 
strontium unit (SU), XVII, 820H 
tertiary standards, 250 
thermal neutron, 819H 
uncontrolled area, 953 
unrestricted area, 469 
vitality, 197H 
whole body exposure, 818H 
working level, 361H 
working limit, 820H 
workload, 513 
Dehydrogenase, activity during cell division, AEC contract, 812 
Delayed effects. (See Exposure (acute), Exposure (chronic), Leukemia, and 
Somatic effects.) 
Del Electronics Corp., electrostatic stratospheric sampler, AEC contract, 836 
Delaware, workmen’s compensation laws, 982-983, 984, 987, 990, 991, 992, 996, 
1001, 1003, 1005, 1013, 1021, 1029, 1040 
Delaware, University of, Habrobracon genetic studies, AEC contract, 816 
Dental profession, activities, 501-507H 
Dental radiography. (See Exposure (medical).) 
Dental schools: 
assistance in survey of dental offices, 504—505H 
lectures on protection, 504H 
Department of Agriculture. (See Agriculture, Department of.) 
Department of Commerce. (See Commerce, Department of.) 
Department of Defense. (See Defense, Department of.) 
Department of Health, Education, and Welfare. (See Health, Education, and 
Welfare, Department of.) 
Department of the Interior. (See Interior, Department of.) 
Department of Labor. (See Labor, Department of.) 
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Dermatology: 
dermatitis, 641H 
X-ray therapy, 202H, 434H, 436H 
Desoxypentose nucleic acid. (See Nucleic acids (desorypentose-).) 
Desoxyribonucleic acids. (See Nucleic acids (desoryribo-).) 
Deuterium: 
DNA incorporation and biological effects, AEC contract, 815 
normal and infected tissue culture effects, AEC contract, 831 
Deuterium oxide. (See Heavy water.) 
Development. (See Growth and development.) 
Diagnostic radiation. (See Exposure (medical).) 
Dials (luminous). (See Luminous dials.) 
Diet: 
MPC value considerations, 932, 1110 
phosphorus 32 toxicity and phospholipid effects, AEC contract, 829 
radioisotope content, 932 
radioisotope emergency levels, 289-291, 1150 
radioactive fish, AEC contract, 840 
stressful agent effects, AEC contract, 814 
strontium 90 intake, 1065, 605—-611H, 631H 
water content, 935 
Disability: 
permanent-partial, workmen’s compensation, 1012-1020 
permanent-total, workmen’s compensation, 1029-1037 
temporary-total, workmen’s compensation, 1003-1011 
Disease: 
(See also Epidemiology.) 
atomic bomb casualties, AEC contract, 832 
cancerogenesis, 631H 
laboratory animals, AEC contract, 832 
District of Columbia, workmen’s compensation laws, 982, 983, 984, 987, 990, 991, 
992, 996, 1001, 1003, 1013, 1021, 1030, 1040, 1051, 1078 
DNA (See Nucleic acids (desoxyribo-).) 
Doe Run, Meade County, Ky., radioecological studies, AEC contract, 841 
Dogs: 
nn biological half-life, 360 
chronic radiation effects, 414 
gonad irradiation effects, 1207-1208 
lead biological half-life and EDTA effects, AEC contract, 815 
longevity and work capacity, radiation effects, AEC contract, 812 
radium 226 and strontium 90 relative toxicities, 459 
RBE of bone seekers, 437—441 
RBE of fast neutrons, 711-713H 
rubidium biological half-life, 360 
sodium biological half-life, 360 
strontium 90 ingestion during beagle growth period, AEC contract, 812 
Dose: 

(See also Radiation Protection Guides and Mazimum Permissible Dose 
for recommendations; RAD, REP, REM, and Roentgen for units; and 
specific organs and radiation sources.) 

absorbed, internal exposure, 77, 326-329, 339, 733, 659H 

annual, tables of, 646H 

apportionment, 236-238 

average, 211-213, 817H 

control, zone delineation, 469 

decay rate effect, 932 

definition, 205, 818H 

definition of organ dose, 819H 

lethal, 491, 136H, 640H 

log normal distribution, 61-62 

median lethal (LD), 491, 640H 

occupational exposure, 11, 265, 296-297, 580, 625, 743, 1107, 1129, 1137, 

1145, 18H, 61H, 65H, 70-71H, 653H 

per capita, 819H 

population, 819H 

radiotherapy, 21H 

rate allowable for occupational exposure, 1137 

threshold concept, 4-5, 32, 303, 395-397, 405, 411-412, 421, 917, 923, 1087, 
9-13H, 22H, 179H, 631-632H, 639H, 642H, 647-649H, 660-661H 
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Dose-effect relationships, 379, 421-423, 922, 230-231H, 629H, 660H 
acute exposure versus chronic exposure, 231-232, 632H 
AEC research, 534-539, 847 
cancer induction, 414 
cell killing versus malignancy induction, 343 
chronic exposure, 637H 
cosmic rays, 812, 136H 
curvilinear concept, 1087 
definition, 818H 
delayed effects, 640H 
dose rate effects, 301, 343, 379, 487, 922, 1113-1114, 1137, 1192, 1205, 633H, 
639H, 661H 
gastrointestinal tract, 380-381 
genetic tissue, 1192 
graphs, 11-13H, 135-136H 
leukemia induction, 57, 271-406, 425-431, 1132, 1205, 1206, 53H, 180H, 
235-236H, 632H, 634-637H 
linearity, 5, 1087, 631-632H, 640H, 642H, 660H 
localized exposure, 135H 
low doses, 31, 393, 397-398, 433, 933, 935, 1087-1088, 1205, 639H, 661H 
medical exposure, 135H 
radium-226, 441, 459-461 
somatic tissue, 405, 407, 421-423, 487, 631-642H 
tables, 629H 
threshold concept, 4-5, 32, 395-397, 411-412, 917, 923, 1087, 9-13H, 22H, 
179H, 631-632H, 639H, 642H, 647-649H, 660-661H 
whole-body exposure, 136H, 629H, 642H, 660H 
Dosimetry, 309-313, 652H 
(See also Instrumentation.) 
alpha particles, 318 
Argonne National Laboratory annual exposure data, 580 
Army reactors, 614-616 
atomic bomb casualty studies, 1060 
beta particles, 318 
body burden determination, 1107 
body excretion analysis, 333-335 
body tissue analysis, 333 
breath analysis, 333-334 
Canadian requirements, 1187 
chemical, studies at AEC sites, 853 
color-forming systems, AEC contract, 851 
combination of mesothorium and radium-226, 638H 
cost effect of standards revision, 578-579 
cumulative, AEC contract, 850 
definition, 818H 
dental X-rays, 321H 
Department of Defense projects, 934 
detector development, AEC contracts, 813, 815, 820, 836, 850-853 
dose rate from reactor fuel, 589-592, 597-598 
environmental, 488-489, 567-568, 851, 1081 
fallout, 44, 293H 
film badges, 469, 532, 732, 742-743, 162H 
gamma rays, 609-610, 815, 853 
gastro-intestinal tract, 329 
Goodyear Atomic Corp. activities, 728 
Hanford Atomic Products Operation, 742-7438, 852 
human natural gamma emission, AEC contract, 815 
ICPP techniques, 759-760 
in-air versus in-organ measurements, 206 
internally deposited radioisotopes, 317-337, 853 
metabolic and electrolytic studies application, AEC contract, 829 
neutrons, 318, 609-610, 852-853 
New York State requirements, 117 
nuclear submarines, 609-611 
occupational exposures, 1145 
ORNL activities, 705-706, 853 
personnel monitoring, 578-584, 587-589, 656, 657 
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Dosimetry—Continued 
radium, 344-345, 459-461, 820, 638H 
radon daughters, 753-754H 
references, 288 
research, 834, 852-853, 601H 
self-shielding problems, 318 
semiconductors, 318 
silver-activated phosphate glass, 318-319 
SRP activities, 789 
thorium low level detection, 333-334, 850 
units of measurement, 1114-1115 
urinalysis, 674, 682, 688, 691, 728, 731, 733 
X-rays, 318, 918, 321H 
Dresden Nuclear Power Station, operating policy of Commonwealth Edison Co., 
326-329H 
Drinking. (See Ingestion.) 
Drusophila: 
cytology research, AEC contract, 834 
genetic studies, 811, 814-816, 818, 819, 822, 824, 825, 827, 834, 630-632H 
radiation effects, 811, 816, 819, 827, 831, 630—-633H 
Drugs: 
FDA responsibilities, 603H 
mutagenic properties, 1197 
regulations, 1240 
Ducks, phosphorus-32 concentration, 1240-1241 
Dudley, Robert A., statement, 437-441 
Duke University, gamma ray and UV light effects on cell lipids, AEC contract, 816 
Dumont, Allen B., Laboratories, Inc.: 
nuclear track viewing device construction, AEC contract, 850 
photosensitive device, AEC contract, 850 
a maa de Nemours (E.I.) and Co. (See Savannah River Plant.) 
Justs: 
industrial hazards, 631, 1176-1180 
toxicity threshold limits, 1152-1156 


E 


Ear, radiztion effeets, AEC contract, 826 
Eating. (See Ingestion.) 
Ecology: 

AEC research contracts, 838-844 

aquatic systems, AEC eontracts, 833, 839, 840, 841, 842, 843, 844 

benthic fauna study, AEC contract, 840 

biota in Alaska, AEC study contract, 838 

biota in Doe Run, Ky., AEC contract, 841 

biota in tropical pacific, AEC contract, 842 

biota study using radioactive material, AEC contract, 833, 841 

Bogue Sound, N.C., AEC contract, 842 

carbon 14 survey, AEC contract, 838 

comparative studies of animals, AEC contract, 838 

crop studies, AEC contract, 841, 844 

food web, 272, 844, 968, 1210 

forests, AEC contract, 839, 842 

fresh water midges of Michigan, AEC contract, 839 

HEW research programs, 877, 878-879 

lizards, AKC contract, 843 

Lockheed Reactor Site, AEC contract, 840 

long term-low level radiation effects, 1109 

ma ‘nmalian studies, AEC contract, 839, 843 

MPC derivation factors, 272, 968, 1210 

nuclear explosion effects, AEC contract, 838, 844 

Ohio River Area, AEC contract, 842 

plankton population studies, AEC contracts, 838, 841, 843 

plant studies, AEC contract, 839, 840, 841, 842, 843, 844 

Savannah River studies, AEC contract, 840, 842 

strontium 90 in the biosphere, 159H 
vertebrate population in uranium producing areas, AEC contract, 839 
W. C. Allee Memorial Woods survey, AEC contract, 843 
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Economic factors. (See Costs and Socioeconomic factors.) 
EDTA. (See Ethylenediamine tetraacetic acid.) 
Education: 
(See also Training programs.) 
American College of Radiology campaign, 1195 
AKC programs, 834, 1074, 560H, 671H 
Bureau of Mines responsibilities, 757H 
HEW Office of Education programs, 604H 
medical profession in radiation use, 340-341H, 344H 
public, 487, 1239-1244, 173H, 178-179H 
radiation worker, 108 
radiobiology program of ORNL, 834 
traveling lecture program of ORNL, 834 
Effective half-iife: 
definition, XVII, 819H 
equation, 324 
iodine 131, 253 
Eggs (rabbit), radiation effects, AEC contract, 831 
Einstein (Albert) Medical Center: 
beta irradiation of skin. AEC contract, 811, 833 
chemical radiation protection, AEC contract, 845 
Electrolytes, composition in humans, AEC contract, 829 
Electromagnetic rays. (See Gamma rays, Ultraviolet rays, and X-rays.) 
Electromagnetic resonance, in radiation effects, AEC contract, 821 
Electron image tubes, AEC contract, 851 
Electrons, transport by cells, AEC contract, 830 
(See also Beta particles.) 
Electrostatic precipitators, stratospheric sampling, AEC contract, 836 
Elgin Hospital, radium retention data, 359, 362-363 
Embryos: 
delayed effects of irradiation, 427-428, 817 
German measle effects, 1208 
hematopoietic tissues, radiation effects, AEC contract, 815 
irradiation, 427-428, 813, 818, 823, 834, 1208, 159H, 231-232H, 235-236H, 
267-268H, 348H, 424—-425H, 427H, 641H 
mouse, radiation effects, AEC contract, 813, 834 
nerve tissue radiation effects, AEC contract, 820, 823 
prenatal X-ray and childhood neoplasia, AEC contract, 817 
radioiodine studies of thyroid, AEC contract, 818 
radiosensitivity, 630-631H, 641H, 660H 
rats, behavior development, AEC contract, 830 
toad, X-ray effects on development, AEC contract, 811 
Emergency exposure. (See Exposure ee: ) 
Emergency planning program, AEC, 1074 
Emory University: 
cell membrane behavior, radiation effects, AEC contract, 816 
cell metabolism relation to radiation recovery, AEC contract, 845 
ecological studies at Lockheed Reactor site, AEC contract, 840 
Endocrine glands, X-ray effects, AEC contract, "827 
Energy transfer: 
mechanisms, AEC contract, 814, 819 
photochemical reactions, AEC contract, 819 
photosynthesis, 822, 829, 834 
Enforcement: 
AEC activities, 531-533, 1074, 461-464H, 557-558H 
AEC authority transfer to states, 669-686H 
FDA activities, 603-604H 
PHS activities, 602H 
regulations, 1-3, 67, 110, 404, 1074, 8H, 16H, 510-511H, 522H, 558H, 561H, 
602H, 604H, 669-686H 
State responsibilities, 113, 460—467H, 478-480H, 601H, 681H 
Engineering standards, 1176-1180 
Eniwetok Atoll, radiation studies, AEC contract, 843 
Eniwetok Marine Biological Laboratory, radio-ecological studies, 844 
Environmental exposure. (See Exposure (environmental).) 
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Environmental radiation, 235, 402, 567-568, 1205, 149H 
(See also Atmospheric contamination, Background radiation and Waste 
(radioactive) .) 
AEC research contracts, 836-853 
dosimetry, 488-489, 567-568, 691, 851, 1081 
epidemiology, 435 
government control, 490-491 
government reports issued in 1959, 855-856 
Hanford Atomic Products Operation, control program, 744-749 
hematopoietic tissue dose, 645-646H 
high-level waste, 621-622 
man-made contributions, 463-466 
monitoring, 567-568, 657, 670-671, 682-683, 691-693, 695-696, 703-706, 
708-710, 728-729, 731, 734, 744-749, 759-763, 765, 767-768, 
790-792, 852, 872, 892-894, 908-909 
MPC considerations, 1091 
nuclear ships, 610-611, 953-954 
Oak Ridge, Tenn., 658, 712-714 
PHS activities and responsibilities, 889-894, 160H, 577H 
release limitations, 501-502, 628-629 
sampling, 872 
sources of data, 892-894 
SRP standards for alpha emitters, 795-796 
strontium 90, 159H 
thoron, 11, 901-902, 17-18H 
uranium mills, 911-912 
Enzymes: 
biosynthesis and degradation factors, AEC contract, 817 
chemical research, AEC contract, 833 
corn, X-ray effects, AEC contract, 817 
genetic studies, AEC contracts, 817, 828 
nucleic acid research, AEC contract, 834 
photoreactivation, AEC contract, 816 
protein research, AEC contract, 828, 834 
radiation effects, AEC contract, 812, 827 
synthesis, AEC contract, 828 
UV light effect mechanisms, AEC contract, 813 
Epidemiology: 
atomic bomb casualties, 426—427, 832, 1060, 1083, 1204-1205, 641H 
Colorado River Basin vertebrates, AEC contract, 839 
HEW research programs, 878, 881-884, 634H 
ICRP studies, 1109 
leukemia induction, 634H 
natural background radiation studies, 435, 832 
NCRP studies, 1109 
PHS activities, 573-574H, 601H 
radium dial painters, AEC contract, 823 
research needs, 32, 1199, 572-573H, 577H, 661H 
San Juan Basin, 380-383H, 388-389H 
Epilation: 
early protection standards, 299 
radioinduced, 1207, 135H, 629H 
Erythema. (See Skin.) 
Erythropoietic mechanisms. (See Hematopoietic tissues.) 
Estrone 16-carbon 14, mouse skeletal distribution, AEC contract, 814 
Ethanethiol, 2-amino, AEC contract, 824 
Ethylenediamine tetraacetic acid (EDTA), lead biological half-life effects, AEC 
contract, 815 
Evans, Robley D., statement, 437-441 
Evolution: 
acceleration in bees, AEC contract, 824 
Drosophila, AEC contract, 814 
natural standardization, 15 
Excretion: 
(See also Biological half-life and Retention.) 
analysis, 333-335 
radioisotope elimination, equation, 334-336 
strontium 90 elimination curve for monkeys, 358 
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Executive Order—10173, 946-947, 120H, 552H, 614H, 664H 
Executive Order—10831, full text, 591H 
Executive privilege, 143-144H, 447H, 454H, 532-533H 
Explosions. (See Nuclear explosions and Weapons testing.) 
Exposure: 
AEC manual chapter, 507-517 
definitions, 628-642H, 818H 
ICRP control philosophy, 501—502 
individuals, 1136-1139 
multiple sources, 630H 
special groups, 1139-1140 
special purposes, 9-10 
Exposure (accidental) : 
cesium 137 emergency acceptable levels, 289-291 
definition, 818H 
MPD, 1138 
Exposure, (acute), 75, 77, 1119, 632-642H, 660H 
acute radiation syndrome, 629H 
compared with chronic exposure, 231-232, 632H 
effects, 823, 1205, 628-642H, 660H, 711-715H 
lethality, partial body irradiation, 1205 
New York state cases, 9, 18H 
recovery rate, dose rate effects, 640H 
Exposure (chronic), 75, 77, 632-642H, 660H 
compared with acute exposure, 231-232, 632H 
dogs, 414 
dose-effect relationships, 637H 
effects, 1086, 1109, 628-642, 660H 
epithelium of mice, AEC contract, 848 
ICRP considerations, 1129 
injuries, AEC contract, 823 
mice, 848, 211—214H, 639-640H 
New York state cases, 9, 18H 
RBE, 639H 
Exposure (emergency), 10, 281—282H 
cesium 137 in food and milk, 1150 
definition, 818H 
DOD regulations, 931 
IAEA-suggested limit, 136H 
ICRP recommendations, 136H 
iodine 131, 289-291, 1150 
MPD, 289-291, 513, 1138, 136H 
NCRP recommendations, 513 
radioisotopes, dietary emergency levels, 289-291, 1150 
RBE dose limit, 301 
record maintenance, 1106 
strontium 90 in food and milk, 1150 
Exposure (environmental), 8, 9, 11, 399-401, 473, 488-489, 929-930, 932-933, 
1091-1093, 1135-1136, 1140-1141, 15-18H, 112H, 122H, 187H, 228-229H, 330- 
332H, 380—-385H, 388-390H, 650-651H 
age considerations, 284-285 
apportionment by source, 236-238 
background level as basis of MPD, 405-406, 930-932, 1089, 159H, 221-223H, 
229H 
background radiation, 236, 648, 930, 159H, 646H 
bone marrow doses, 645-646H 
carbon 14 contributions, 646H 
ee with occupational exposure, 276-277, 473-474, 1088-1089, 88H, 
6501 
control activities by ORNL, 702, 707-711 
control in DOD activities, 919 
control in HEW activities, 859-861 
control, FDA protection program, 198-200 
controlled areas, 1106, 1130-1131 
definition, 818H 
dose distribution, 62 
dosimetry, 488-489, 567-568, 1081 
epidemiology studies, 1109, 380-383H, 388-389H 
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Exposure (environmental)—Continued 


evaluation, 1070, 628-642H 

external versus internal sources, 1209- 1210 

fallout, 70-74, 234, 1204, 45-49H, 72-73H, 790-816H 

FRC recommend: itions, 122H, 221-222H, 618-620H, 650-651H, 662H 

FRC responsibilities, 542H 

gonad doses, 321, 18H, 645-646H 

gonad MPD, 210-211, 236-238, 274-278, 473, 484, 516-517, 618, 758, 929, 
1086, 1102, 1129-1133, 1135-1137, 1141-1148, 1195, 187-188H 

hematopoietic tissue dose, 645-646H 

ICRP recommendations, 251, 260, 261, 274, 354, 468, 498-501, 503-504, 
932-933, 1091, 1109, 1130-1131, 51H, 221H 

leukemia induction probability, 635-636H 

luminous dials, 11, 234, 18H, 135H, 646H 

maternal, 604H 

maximum permissible body burden, 1106 

medical sources, 168-172, 236, 269-271, 1143, 645-656H 

merchant ship regulations, 954 

MPD, 209-211, 261, 275, 278, 289-291, 405-406, 473, 498, 513, 516-517, 
929-930, 1086, 1135-1136, 1141-1142 

mutation doubling dose, 484 

national defense requirements, 489 

ea ern 251, 260, 261, 275, 468, 513, 516-517, 1089-1091, 
221 

NCRP studies, 1085-1093, 1109, 221H, 227-229H, 231H 

nuclear aerospace craft, 158-159, 164-165, 618 

nuclear fuel element reprocessing, 645H 

nuclear reactor contributions, 645H 

organ dose establishment, 654H 

tadiation Protection Guides, 112H, 122H, 221-222H, 618-620H, 650-651H, 
662H 

radioisotope uptake, 663H 

references, 276, 277, 284, 285 

risks, 412-413, 925-928 

San Juan Basin, 380-383H, 388-389H 

shoe-fitting fluoroscopy, 115, 234-235 

socioeconomic concepts, 128-130 

soft tissue doses, 645-646H 

somatic dose, 471, 473, 1085-1093, 1142, 227-232H 

somatic MPD, 1142 

sources, 115, 162-163, 168-172, 195, 233-236, 269-271, 433, 643, 1143, 1209— 
1210, 74-76H, 159H, 477H, 605-613H, 643- 646H, 661H 

standards revision, 514 

strontium 90 in fallout, 72-73H 

strontium 90 in foods, 1210, 573H, 605-613H 

uranium milling operations, 195, 911-912 

X-rays, 168-172, 234, 269-271, 1143, 645-646H 


Exposure (external), 77 


compared with internal exposure, 1209-1210 
definition, 818H 

occupational, 664-666, 1145 

sources, 892-894, 918 


Exposure (internal), 77, 733, 1097-1098 


absorbed dose evaluation, 77, 326-329, 733, 659H 
background radiation, 8, 17H 

body and organ burdens, 655—-659H 

compared with external exposure, 1209-1210 
control, 581—584 

critical body organ, 323-324 

definition, SISH 

effects, 441, 830, 637-640H 

ICRP recommendations, 328 

monitoring, 317—337, 581-584, 691, 853 

NCRP committee, 1100-1101, 1109 

occupational, 473-474, 1145 

radium, 11, 443-461, 820, 1204, 1206 435H, 630H, 637-639H 
sources, 8, 11, a7, 392-894, 918, 17H, 659H 
uranium, 654, 

aia 3 
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Exposure (localized) : 
definition, 818H 
dose-effect relationships, 135H, 641H 
Exposure (low-level) : 
effects, 31, 393, 397-398, 432-436, 933, 935, 1086-1088, 1109, 1205, 47-48H, 
53H, 639H 
instrumentation, AEC contract, 850 
Exposure (medical), 7, 11, 52, 168-172, 235-236, 269-271, 401, 403, 926, 1134 
1136, 1143, 15H, 18H, 330—-331H, 336-350H, 419-425H, 645-646H 
AEC research program, 534-539 
American College of Radiology campaign, 1195 
childhood and maternal, 604H 
compared with natural background, 32 
compared with other sources, 236, 1127 
control, 870, 425—-427H, 434—-439H, 604H 
definition, 818H 
dental radiography, 32, 135H, 162H, 321H, 428H, 501-—506H 
Department of Defense activities, 468H 
diagnostic, 32, 23-24H, 135H, 162H, 231-232H, 235-236H, 267—-268H, 
321H, 348H, 380H, 424—-425H, 427H, 428H, 434H, 436-438H, 501-506H, 
636H 
effects, 1204, 135H, 628—-642H 
exemption from FRC recommendations, 662H 
exemption from occupational exposure MPD, 556H 
fluoroscopy, 3, 115, 169-170, 172, 205, 234-235, 135H, 344H, 435-439H, 
604H 
genetic dose, 270, 277-283, 1127, 1143, 1193-1194, 504H 
HEW research programs, 878, 880-881 
ICRP-ICRU-UNSCEAR studies, 1121-1122 
ICRP suggestions, 271, 1121-1122, 1132 
leukemogenesis, 270, 427-428, 636H 
merits, 251, 262 
NCRP study, 168, 513, 1085, 337-338H 
PHS guidance, 692H 
physician’s responsibilities, 15H, 265H, 308-309H, 338-339H, 419-425H 
radiation workers, 269-271, 302, 1106, 1199 
records maintenance, 1193 
reduction, 269-271 
sources, 168-172, 236, 269-271, 1143 
therapeutic, 3-4, 170-171, 21H, 135H, 202H, 380H, 434H, 436-437H 
Exposure (nonoccupational), definition, 818H 
Exposure (occupational), 4, 8, 94, 296-297, 401, 930, 1135-1143, 1172-1173, 9H, 
56H, 68-69H, 350-363H, 643-646H, 651-652H 
(See also Atomic energy workers, legislation, and Regulations.) 
AEC regulations, 507-517 
AFL-CIO administrative recommendations, 126-12; 
Air Force personnel, wartime, 487—488 
appendage MPD, 259, 516, 1105, 1138 
Army reactors, 614-616 
Canadian regulations, 1190 
compared with other hazards, 267-269, 293-295, 409-411, 485, 493-494, 781- 
782 
compared with population exposure, 276-277, 473-474, 1088-1089, 88H, 
650H 
controlled areas, 93 
critical organs MPD, 1104-1105 
cyclotron workers, 1204 
definition, 818H 
dose, 11, 62, 265, 270, 280, 296-297, 580, 625, 743, 1129, 1137, 1145, 18H, 
61H, 65H, 70-71H, 653H 
dose-rate, 1107, 1137 
effects, 266-267, 628-642H 
emergency, 208, 1106 
external radiation, 664-666, 1145 
eye MPD, 259, 274-275, 1129-1130, 1137, 1139 
fatalities, 263, 267, 296 
Federal regulatory agencies, 90-91H 
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Exposure (occupational)—Continued 


FRC recommendations, 122H, 618-620H, 651-652H, 662H 

fuel elements, 589-592, 597-598, 171H 

genetic exposure, 278, 471, 1137, 1194-1195, 1199 

Hanford Atomic Products Operation, 742-743 

hematopoietic tissue MPD, 259, 275, 1102, 1129-1130, 1137 

ICRP personnel, 766 

ICRP recommendations, 207-209, 259, 274, 328, 474, 499-504, 932-933, 
1101-1120, 1129-1130, 1135-1139, 14H 

insurance, 96-104 

internal emitters, 514, 666-669, 743, 790, 1145 

medical contribution, 269-271, 302, 1106 

medical examination, 1144-1145 

medical exposure exemption, 499-501, 556H, 662H 

military, 157, 399-410H 

mining hazards, 631, 724-760H 

monitoring, 578-584, 587, 589, 656, 657, 653H 

MPC, 300, 338-391, 1101-1104, 1110-1114 

MPD, 207-209, 259-260, 274-275, 328, 499-504, 512-517, 1101-1120, 1129- 
1130, 1137-1139, 1190 

NCRP recommendations, 184-185, 259, 512-517, 1101-1120, 14H 

NCRP study, 1085 

New York State, 8-9, 117-119, 121, 15H, 171-172H 

nuclear aerospace craft, 157, 617 

nuclear merchant ships, 610-611, 953-954 

organ dose, 296-297 

organ MPD, 259, 275, 1104-1105, 1138-1140 

ORNL, 265 

personnel rotation and turnover, 296, 782 

plutonium body burdens at Hanford, 1953-1959, 743 

pregnancy, regulations during, 1150 

Radiation Protection Guides, 122H, 618-620H, 651-652H, 662H 

radioisotopes, 229-231, 1095-1120, 1139, 1204 

radiologists, 4, 63, 201-204, 1060, 239-242H, 640H 

radium—226, 437-441 

radium-dial painters, 115, 118-119, 339-342, 445-460, 171H 

radium industry, 118-119, 121, 171H 

radium worker pathology, 4, 1206 

reactor fuels, 589-591, 597-598 

records, maintenance, 196, 706, 1069, 174H, 679H 

regulations at AEC sites, 579-581, 625, 664-666, 674-675, 683, 689, 700-706, 
719-721, 728, 730-732, 735-743, 756, 759-763, 787-790 

risk, 924-926 

Savannah River Plant summary, 789-790 

skin MPD, 1105, 1129-1130, 1138 

socio-economic concepts, 128-130 

State regulations, 173H, 678H 

strontium 90, 70-72H 

strontium 90 body burden, 73, 383-386 

supervisory responsibilities, 702, 719 

toxic chemicals, 1153-1155, 1158-1159, 1166-1168, 1173-1174 

UKAEA findings, 118 

uranium milling, 235-236 

uranium mining, 46, 192-197, 235-236, 26-27H, 353-360H, 385H, 390H 

urinalysis dosimetry, 674, 682, 688, 691, 728, 731, 733 

USDA personnel, 968 

whole body limits, 370, 758, 122H 

working hours and vacation length, 1150 

working limits, 355-356H, 361H, 820H 

X-ray and radium workers, 3, 169-170, 172, 202, 205, 235-236, 1199, 1204, 
258H 


Exposure (population). (See Exposure (environmental).) 
Exposure (whole body), 77 


acute lethal dose, 1204, 1205 

animal research, AEC contract, 833 
cesium-—137 integral dose from fallout, 812H 
definition, 818H 
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Exposure (whole body)—Continued 
dose-effect relationships, 136H, 629H, 642H, 660H 
dose limits, 77, 370, 758, 122H 
fallout, 804-816H 
FRC recommendations, 122H, 230H, 618H, 662H 
internal emitters, 1140 
MPC values, 517, 1105, 1116-1117, 1139-1140 
MPD values, 259, 274, 275, 499, 516-517, 1105 
occupational limits, 370, 758 
Radiation Protection Guides, 122H, 618-620H, 662H 
research, 835 
Exposure records, 706, 1069, 174H, 679H 
AEC centralized system, 1074 
Canadian requirements, 1188 
emergency exposure, 1106 
medical radiation, 1193 
New York State, 117 
nuclear ship personnel, 957 
Savannah River Plant, 789-790 
uranium mining and milling operations, 196 
External exposure. (See Frposure (external).) 
Extrapolation, biological data, 56-57, 185-186, 222, 482, 491, 831, 1204, 630H, 
$ 632H, 636H, 710H 
Kye: 
cataracts, 818, 846, 1061, 135H, 641H 
MPD, 259, 274-275, 1102, 1129-1130, 1137, 1139 
radiation effects, 204, 818, 820, $29, 846, 1061, 1207, 135H, 618-620H, 630H, 
641H, 662H 
Radiation Protection Guides for lens, 122H, 618-620H, 662H 


F 
Failla, G.: 
biography, 177H 
participation in panel discussion, 233-254H 
statement, 177-193H, 201-220H 
“The Aging Process and Cancerogenesis’’, 194-210H 
“The Shortening of Life by Chronic Whole-Body Irradiation’’, 211-219H 
Fairman, J. F., statement, 150-151 
Fallout, 433-436, 918, 1082, 475-476H, 572-573H 
(See also the specific radioisotopes.) 
AEC research contracts, 836-838 
agricultural studies, AEC contract, 822 
barium-140, 466 
carbon 14, 1192-1193 
cerium activity in soil, 974H, 796H, 800H 
cesium 137 activity in soil, 791H, 796H, 798-816H 
compared with background level, 484 
compared with food additive hazards, 70 
compared with military accident hazards, 71 
compared with smog hazards, 70 
compared with TV genetic dose, 234, 74-76H 
congressional hearings, 1064-1067, 1080-1082, 625H 
controls and countermeasures, 838, 930 
data dissemination, 1081 
decontamination, 74, 838 
Department of Defense comments, 1080 
distribution, latitude, 814H 
dose, 321, 645H, 790-816H 
dosimetry, 44, 293H 
food contamination, 71-72, 74, 198-200, 289-291, 1210, 50H, 573H, 605- 
613H 
gamma rays, 809-811H, 815-816H 
genetic dose, 234, 321, 1192-1193, 74-76H, 806H 
hazards, 70-71, 74, 234, 1204, 1209-1210, 45-54H, 74-—76H, 790-816H 
hotspots, 477, 931, 1064-1066, 1082 
human problems research, AEC contract, 833 
human uptake, 1209-1210 
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Fallout—Continued 
ICRP recommendations, 933, 46-47H, 69-70H 
iodine 131, 466, 806H 
JCAE Hearings, 1064-1067, 1080-1082, 625H 
MPD values, establishment, 73, 931 
NCRP recommendations, 46-47H, 69-70H 
pathological effects, 1204 
plant uptake, 811, 813, 820, 821, 822, 826, 830, 833, 526H 
population exposure, 70-74, 234, 1204, 45-49H, 72-73H, 790-816H 
sampling, AEC contracts, 836, 837, 838 
scavenging by rain, AEC contract, 837 
shelters, 1070 
short-lived radioisotopes, 1064 
skin effects, 1207 
soil contamination, 813, 838, 845, 1064, 526H, 790-816H 
standards, 70-74, 931, 933, 46-47H, 69-70H 
stratospheric storage time, 1080, 802H 
strontium 90 in foods, 199, 1210, 573H, 605-613H 
tolerable levels, 70-74 
Fatality. (See Death.) 
Fauna. (See Ecology.) 
Fecal analysis, 333-335 
Federal agencies, XI 
(See also specific agencies, e.g., Agriculture, Department of; Atomic 
Energy Commission; etc.) 
FRC guidance, 120-125H, 330-333H, 561H, 621H, 664-666H 
municipal and state relationships, 78, 1072, 514H, 516—-521H, 625H, 685H 
versonnel, radiological, 1070 
HS cooperation with, 525H 
Presidential guidance, 442H, 528H, 667-668H 
regulatory responsibilities, 631, 90-91H, 149-150H 
reporting to FRC, 664-668H 
representation in FRC, 443H 
standards application, 662H 
workmen’s compensation, 973, 982, 983, 1010-1011, 1018-1019, 1025-1026, 
1036, 1047, 1058, 1074-1079 
Federal Aviation Act, 970 
Federal Aviation Agency: 
Civil Air Regulations, 970-972 
regulatory functions, 970, 971, 445H 
statement, 970—972 
statutory responsibilities, 979, 91H 
Federal Employee’s Compensation Act, 973, 982, 983 
(See also Legislation.) 
Federal Radiation Council, 219-220, 137-151H, 159H 
(For recommendations see Radiation Protection Guides and Radioactivity 
Concentration Guides.) 
advisory responsibilities, 443-444H, 450-451H, 528H 
AFL-CIO proposals, 124-125, 549H 
AFL-CIO questions, 561—-562H 
biological data review, 251—-254H 
Chairman’s statement, 107-113H 
Coast Guard cooperation, 948, 124H 
consultants, 124-125H 
cooperation with States, 478—-480H 
coordinating functions, 530—-531H, 541H 
establishment, 1074, 1076, 57H, 86-94H, 591H, 625H 
executive privilege, 143-144H, 447H, 454H, 532-533H 
Federal agency compliance, 561H 
Federal agency guidance, 664—-666H 
Federal agency representation, 443H 
functions, 68, 82, 200, 189-192H, 442H, 474—-475H, 614H, 625H, 664-666H 
General Services Administration study, AEC contract, 840 
ICRP cooperation, 113—-114H 
medical exposure exemption from recommendations, 662H 
membership, 64H, 95H, 527H, 594H 
memoranda to President, 614-621H, 667-668H 
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Federal Radiation Council—Continued 
methods of operation, 143-144H, 499-500H, 534-537H 
NAS cooperation, 113-114H, 443H 
National policy responsibilities, 200, 188-190H 
NBS consultation, 124H 
NCRP relationship, 59-60H, 113-114H, 443H, 538-539H, 689-690H, 697H 
permanency, 116-120H 
Presidential approval of recommendations, 622H 
Radiation Protection Guidance for Federal Agencies,-2H, 120-125H 
Radiation Protection Guides, 120-123H, 137H, 614-—620H, 660-663H 
Radioactivity Concentration Guides, 231, 123H, 620H, 654-659H, 662-663H 
recommendations to, 330—333H 
regulatory powers, 405H 
reports requested from federal agencies, 664—668H 
responsibilities, 68, 82, 200, 2H, 120—-125H, 188-190H, 442—444H, 450-451H, 
4$74—475H, 528H, 614H, 625H, 664-666H 
staff, 443H, 528-530H 
staff report No. 1, 2H, 623-663H 
State representation question, 484H 
working group, 109H, 534H 
Federal Water Pollution Control Act, 155H 
Federation of American Scientists, 45H 
Feed materials plants. (See Fernald Feed Material Production Center and Mal- 
linckrodit Chemical Works.) 
Feet: 
MPD, 259, 516, 1105, 1138 
Radiation Protection Guides, 122H, 618H, 662H 
Fernald Feed Materials Production Center, 775-784 
Great Miami River monitoring, 778 
MPC of uranium in air, 775-776 
NCRP recommendations, 776-777 
protection activities, costs of, 778-779 
Fetuses: 
blood cell and tissue homotransplantation, AEC contract, 848 
iodine-131 effects, AEC contract, 821 
radiation effects, 58, 427-428, 829-830, 1206, 604H, 631H, 641-642H, 660H, 
692H 
Feuzal lens, dose-effect correlation, 135H 
Film badges. (See Dosimetry.) 
Film (X-ray), 502H, 505-506H 
Films (motion picture), 502H 
Final clearance, definition, 469-475 
Finan, William F.: 
biography, 137H 
statement, 137-153H 
Fish: 
decontamination, 1241 
phosphorus 32 concentration, 1240-1241 
radioactive, in human diet, AEC contract, 840 
Savannah River, ecology, AEC contract, 840, 842 
Fish and Wildlife Service. (See Interior, Department of; Fish and Wildlife 
Service.) 
Fission products: 
(See also specific fission products, Fallout, Radioisotopes, and Waste 
(radioactive) .) 
assimilation by marine organisms, AEC contract, 841 
containment, 101, 147, 304-307, 546, 548-550, 961, 645H 
fluid state, difficulty of control, 754-755 
foliar uptake, AEC contract, 830 
gamma ray dose, 816H 
iodine 131 from nuclear aerospace craft, 618 
maximum assimilation by SRP workers, 790 
metabolism by animals, AEC contract, 816 
milk decontamination, AEC contract, 811 
ORNL processing, 699 
ovary doses, 321 
release during fuel element reprocessing, 645H 
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Fission products—Continued 
release from Shippingport PWR, 626 
research, AEC contracts, 833, 837, 838 
respiration protection requirements, 740-741 
soil decontamination, 813, 845, 968 
Flemming, Arthur 8.: 
correspondence with Elda E. Anderson, 687-689H 
letter to Lauriston 8. Taylor, 690H 
letters to Clinton P. Anderson, 1063, 697H 
statement, 107—-113H, 523-544H 
Flexibility of standards, 2, 782, 800, 928 
Floberg, John F., letter to N.Y. governor, 122 
Flora. (See Ecology.) 
Florida, workmen’s compensation laws, 981-983, 984, 987, 909, 991, 992, 995, 
996, 1001, 1003, 1005, 1013, 1022, 1030, 1040, 1051 
Florida State University: 
enzyme photoreactivation in vitro AEC contract, 816 
molecular biophysics, AEC contract, 816 
radioinduced changes in Drosophila genes and chromosomes, AEC contract, 
816 
radioinduced mitotic delay, AEC contract, 816 
Florida, University of: 
corn male-sterility radioinduction, AEC contract, 817 
free radical production in biological material, AEC contract. 816 
plant geotropic responses, AEC contract, 817 
plant, locus mutation induction, AEC contract, 817 
radioisotope uptake by fresh water organisms, AEC contract, 840 
Fluorescence, peptides, AEC contract, 814 
Fluoroscopy, 633H 
(See also Exposure (medical).) 
antitheft uses, 136H 
inspection of machines, 344H 
shoe-fitting machines, 115, 234-235, 135H, 439H 
Food: 
(See also specific foodstuffs e.g., Bread, Cheese, Milk, ete.) 
additive hazards, 70, 1197 
adulterated, definition, 914 
carcinogens, chemical, 917 
cesium 137 analysis, 199 
cesium 137 emergency limits, 289-291, 1150 
Consumers Union studies, 573—575H 
decontamination, 200, 1241 
a ion, 71-72, 74, 198-200, 289-291, 1210, 50H, 573H, 605— 
613 
FDA responsibilities, 198-200, 577H, 603H 
federal regulatory agencies, 90H, 149H 
fish, radioactivity, AEC contract, 840 
iodine 131 contamination, 748, 791, 1210 
iodine 131 emergency levels, 289-291, 1150 
iodine 132, 133, and 135 contamination, 791 
monitoring, 872, 577H 
MPC, 199-200, 289-291, 316, 386-387, 474, 932, 1091, 1107-1109, 1150, 
263H, 606H, 659H 
NAS-NRC committee, 1059 
natural radioactivity, 7 
radiation levels, 476H 
radiation sterilization, 915, 160H 
Radioactivity Concentration Guides, 656-657 
radioactivity control, 200 
radium 226 content studies, 573H 
State sampling programs, 872 
strontium 90 contamination, 199, 1210, 525H, 573H, 605-613H 
strontium 90 emergency levels, 289-291, 1150 
strontium 90 MPC, 386-387 
Food and Agriculture Organization, 1147 
Food and Drug Administration. (See Health, Education, and Welfare, Depart- 
ment of; Food and Drug Administration.) 
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Food, Drug, and Cosmetic Act, 199-200, 913-916 
Food web, radioisotope transport, 272, 968, 1210 
Ford (Edsel B.) Inst. for Medical Research, metabolic effects of hormones and 
x-radiation, AEC contract, 816 
Fordham University, genetic and environmental factors in biosynthesis, AEC 
contract, 817 
Forearms: 
MPD, 259, 516, 1105, 1138 
Radiation Protection Guides, 122H, 618H, 662H 
Forest Service. (See Agriculture, Department of; Forest Service.) 
Forests: 
bioclimatic and soil studies, AEC contract, 842 
ecological studies, AEC contract, 839, 843 
FRC. (See Federal Radiation Council.) 
Free radicals, radioinduction, AEC contract, 816 
Fresh-water organisms. (See Aquatic organisms.) 
Fruit flies. (See Drosophila.) 
Fuel elements. (See Nuclear reactors.) 
Fumes. (See Aerosols and Atmospheric contamination.) 
Fungi: 
genetics research, 1203 
ringworm, X-ray therapy, 434H 
rust transfer from rye to wheat, AEC contract, 822 


G 
Gamma rays: 
cell membrane effects, AEC contract, 816 
definition, X VII, 818H 
Drosophila effects, AEC contract, 811 
dose from ground radioactivity, 910, 17-18H, 136H, 801H, 810-811H, 
815-816H 
dosimetry, 609-610, 815, 853 
environmental, national levels, 910 
environmental, soil spectra, 815H 
eye effects, 1207 
fallout, 809-811H, 815-816H 
human body dosimetry, AEC contract, 815 
infection and immunity, effects on, AEC contract, 828 
ionization mechanism, 703H 
lethal effects on mice, 211-214H 
lipid research, AEC contract, 816 
luminous clock and watch dials, 234 
medical exposures, 168-172 
occupational exposure standards in 1945, 9H 
plant mutation research, AEC contract, 817 
rabbit eggs effects, AEC contract, 831 
RBE, 1115, 705-713H 
teletherapy, 170-171, 1350 
toxicity research, AEC contract, 832 
uranium decay, 654, 683, 687 
Gaseous diffusion plants: 
ASA standards, 173-175 
Oak Ridge, Tenn., 663-678 
Paducah, Ky., 679-686 
Portsmouth, Ohio, 724-734 
Gases: 
(See also specific gases.) 
Brookhaven Research Reactor effluents,, 553-555 
ionization, AEC contract, 851 
threshold limits, 1152-1156 
Gastro-intestinal tract: 
absorbed dose calculation, 329 
atomic bomb effects, 1205 
chemical protection against radiation injury, AEC contract, 845 
critical organ, 1117 
dose factors, 380-381 
radiation death, microscopic and radioautographic study, AEC contract, 812 








H, 
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radioisotope concentration in Columbia River water users, 747 
RBE of neutrons in mice, 715H 

self-shielding problems in dosimetry, 318 

X-ray effects, 811, 1206-1207 


General Electric Co., Hanford Atomic Products Operation, 735-753 

General Mills, Inc., stratospheric sampling, AEC contract, 836 

General Services Administration, FRC study, AEC contract, 840 

Genetics, 58, 61, 63, 228-229, 470-474, 832, 834, 1128, 1192-1197, 1200-1203, 
615-620H, 628-642H, 660H 


(See also Congenital defects, Evolution, and Gonads.) 
cleft palate studies, AEC contract, 829 
cobalt 60 effects, AEC contract, 811 
data extrapolation from lower animals, 1197 
definition of genetic effects, 820H 
dose-effect relationships, 251, 421-422, 1192, 631-642H 
dose rate effects, 178-179H, 1192 
environmental dose, 277-278, 473, 484, 1141-1142, 645-646H 
enzyme and protein synthesis implications, AEC contract, 828 
fallout dose, 234, 1192-1193, 74-76H, 806H 
fallout effects, 1192-1193 
gamma ray effects, AEC contract, 817 
gene control research, AEC contract, 819 
Geneticists’ responsibilities, 1193-1195 
heterochromatin functioning, AEC contract, 814 
heterozygotes, dominant, 1200 
ICRP studies, 1132 
internal radioisotope effects, AEC contract, 827 
low-level exposure, 1109, 47-48H 
NAS committee, 1192-1203, 1210, 230H 
NAS-NRC studies, 1059 
nonthreshold concept, 4-5, 631-632H, 647H 
nuclear warfare, 832-833, 1060, 1083, 1199 
populations, 816, 821, 1199-1201 
radiation effects on genetic systems, AEC contract, 828 
radiation hazards, 128-130, 203-204, 206-207, 1192, 1207-1208, 629H 
RBE dose, 277-279 
significant dose, definition, 633H 
synergism, 1201 
World Health Organization symposium, 435 
X-ray effects, AEC contract, 827 


Genetics (cancer research) : 


cancerogenesis, somatic mutation theory, 423-431, 1199, 1209, 179-181H, 
202-210H, 637H 


Genetics (cell research) : 


bacteria research, 819, 827, 828, 830, 831, 1203 

cellular environs influence, AEC contract, 828 

chromosomes study, AEC contracts, 814, 816, 827, 831, 1192, 633H 
enzyme and protein synthesis, AEC contract, 817, 828, 1203 
gene relationship to biochemical reactions, AEC contract, 831 
heterochromatin function, AEC contract, 814 

high energy radiation effects, AEC contract, 812 

human cell cultures, 1203 

mitosis, radioinduced delay, AEC contract, 816 
paramecium, AEC contract, 818 

proteins, biosynthesis and degradation, AEC contract, 817 
yrotozoa research, 812, 1203 

Uv microbeam studies, AEC contract, 814 


Genetics (human research): 


automobile fumes, 1197 

cell cultures, 1203 

congenital malformations research, AEC contract, 829 

life span, mutation rate relationship, 423, 430, 194-202H, 640H 

medical exposure, 270, 277-283, 1127, 1143, 1193-1194, 504H 

MPD, 210-211, 236-238, 274-278, 473, 516-517, 618, 758, 929, 1086, 1102, 
1129-1133, 11385-1137, 1141-1142, 1195 

mutation doubling dose, 484 

mutation inheritance, 484 
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Genetics (human research)—Continued 
mutation loads, AEC contract, 821, 824 
mutation rate, 484, 819, 821, 824, 9H, 194-202H, 242-243H 
occupational exposure, 278, 471, 1137, 1194-1195 
population studies, AEC contract, 821 
radiation effects, 435, 471, 484, 832-833, 1660, 1083, 1195-1197, 1199, 631H 
recessive gene studies, AEC contract, 821 
records maintenance, 1201-1202 
Genetics (insect research): 
bees, evolution acceleration, AEC contract, 824 
bees, viability mutants, AEC contract, 823 
Drosophila studies, 811, 814, 815, 816, 818, 819, 822, 824, 825, 827, 834, 
630-632 H 
Habrobracon, internal radioisotope effects, AEC contract, 824 
Habrobracon radiosensitivity factors, AEC contract, 816 
Mormoniella, mutation rate, AEC contract, 825 
Genetics (mutagenesis): 
agents, 1197-1200, 206-207H 
aging, somatic mutation theory; 423, 430, 194-202H, 640H 
antimutagen research, AEC contract, 845 
bacteria, asporogenic mutant production, AEC contract, 827 
barley, radiation effects, 822 
bee research, AEC contracts, 823, 824 
doubling dose, 484 
Drosophila research, 811, 814, 815, 816, 818, 819, 822, 824, 825, 827, 834, 
630—632H 
gamma ray induction, AEC contract, 817 
Habrobracon research, 816, 824 
induced vs. spontaneous, 633H 
locus mutations, 421—422 
mice, radioinduction, 630—632H 
Mormoniella research, AEC contract, 825 
mutation inheritance, 484 
mutation load, 821, 824, 631H 
mutation rates, 484, 819, 821, 824, 825, 833, 9H, 194-202H, 223-225H, 242- 
243H | 
oats, AEC contract, 822 
Tobacco Mosaic Virus, AEC contract, 811 
viability mutations in bees, AEC contract, 823 
Genetics (plant research), 817, 1203 
algae, 1203 
barley, radiation mutegenesis, AEC contract, 822 
corn breeding, radiation effects, AEC contract, 822 
corn male sterility factors, AEC contract, 817 
fungi research, 831, 1203 
peanuts, AEC contract, 824 
plant breeding, quantitative radiation effects, AEC contract, 822 
tomato seed and pollen, response to X-rays, AEC contract, 825 
Genetics (vertebrate research), 843 
gene action, 1200-1203 
mice, 825, 834, 839, 242-243H 
rats, cumulative effects of radiation, AEC contract, 830 
swine, AEC contract, 818 
Genetics (virus research), 1203 
phage chromosome synthesis, AEC contract, 819 
Tobacco Mosaic Virus, mutation studies, AEC contract, 811 
Geological Survey (U.S.). (See Interior, Dept. of, Geological Survey.) 
Geology, studies at AEC sites, AEC contract, 852 
George Washington University, radiation effects on nucleoproteins, AEC contract, 
817 
Georgia: 
(See also Savannah River Plant.) 
ecological studies of Savannah River area, AEC contract, 840, 842 
workmen’s compensation laws, 982, 983, 984, 987, 988, 990, 991, 992, 997, 
1001, 1003, 1006, 1013, 1022, 1030, 1040 
Georgia Institute of Technology, thermal precipitator study, AEC contract, 837 
Georgia, University of, ecological studies of Savannah area, contract, 840 
German Standardization and Protection Organizations, 84H 





i i 
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GI tract (See Gastro-intestinal tract.) 
Glossary, X VII-X VIII, 817, 820H 
Glutathione, AEC contract, 824 
Gonads: 
absorbed dose, 319-320 
annual population exposure, 645H 
barium 137-cesium 137 ovary doses, 321 
cerium 141 ovary doses, 321 
cerium 144—praseodymium 144 ovary doses, 312 
cesium 137 dose, 1091 
dental radiography dose, 504H 
dose, fallout, 234, 321, 1192-1193, 74-76H, 806H 
iodine 131 uptake, 321, 1209-1210 
low dose effects, 1091, 1192-1193 
luminous dial dose, 234 
medical exposure dose, 270, 277-283, 1127, 1143, 1193-1194, 504H 
MPC values, 321, 517, 1105 
MPD, 210-211, 236-238, 274-278, 473, 484, 516-517, 618, 758, 929, 1086, 
1102, 1129-1133, 1135-1137, 1141-1148, 1195, 187-188H 
mutation rate doubling dose, 484 
occupational exposure dose, 270, 280 
ovarian tumors in mice, 1209, 637H 
ovary doses from fission products, 321 
radiation effects, 204, 471, 484, 825, 1192, 1195-1197, 1207-1208, 629H, 633H 
Radiation Protection Guides, 122H, 618-620H, 662H 
RBE dose, 277-279 
shoe-fitting fluoroscope dose, 234 
strontium dose, 1091 
strontium 90 uptake, 1209-1210 
television dose, 234, 74-76H, 477H 
30-vear per capita exposure in United States, 18H 
Gompertz curves, 194—-195H, 212-213H, 215H 
Goodyear Atomic Corp., 724-734 
costs of protection activities, 734 
health physies program, 725-731 
regulations, 730, 732-734 
Governors, cooperation with AEC for state radiation control, 669-686H 
Grants-in-Aid, AEC comments, 1077 
Graphs: 
(See also Tables.) 
age-mortality rate for mice and rats, 196H 
background radiation at Goodyear Atomic Corp., 729 
biological half-life of cesium, rubidium, and sodium in animals, 360 
dose-effect relationships, 11-13H, 135-136H 
fallout activity in soil at Argonne National Laboratory, 790-795H 
fallout latitude distribution, 814H 
gamma ray dose from fission products in open air, 816H 
gamma ray spectra of soil, 815H 
Gompertz curve, 195H 
leukemia distribution among atomic bomb casualties, 427 
leukemia incidence versus radiation dose, 428-429 
radium retention by man, 362 
RBE versus neutron energy for mouse, 715H 
radon daughter level determination, 754H 
strontium 85 retention by man, 361, 365 
strontium 90 excretion curve in monkeys, 358 
tissue stopping power versus particle energy, 331 
urine alpha activity at Goodyear Atomic Corp., 731 
urine uranium content at Goodyear Atomic doa 731 
“vitality” curve, 198H 
Grass, radioiodine contamination, 791 
Great Miami River, uranium release by Fernald FMPC, 778 
Greater St. Louis Citizen’s Committee for Nuclear Information, 1242 
baby tooth survey, 1241-1242 
strontium 90 retention studies, 573H 
Ground water, monitoring at ICPP, 765 
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Growth and Development, 6411 
cells, AEC contract, 834 
dogs, strontium 90 ingestion effects, AEC contract, 820 
Habrobracon, radioisotope effects, AEC contract, 824 
mouse embryos, immunocytology, AEC contract, 813 
plants, radiation effects, AEC contract, 822 
radiation effects, 811, 812, 822, 824, 829, 840, 843, 641H, 660H 
sea urchins, radiation effects, AEC contract, 840 
vertebrate radiation research, AEC contracts, 811, 843 

Guides. (See Radiation Protection Guides and Radioactivity Concentration Guides.) 

Gunnison Mining Co., conditions in uranium mills, 368-369H 


H 
Habrobracon: 
egg cytoplasm, radiation effects, AEC contract, 812 
genetic and developmental effects of radioisotopes, AEC contract, 824 
genome relation to radiosensitivity, AEC contract, 816 
Hair loss. (See Eptlation.) 
Half-life, definition, XVII, 818H 
(See also Average life, Biological half-life, Effective half-life, and specific 
radioisotopes.) 
Hamsters, aging and reproduction research, AEC contract, 824 
Handbooks: 
(See also Manuals.) 
decontamination, 6 
ICRP, 6 
National Fire Protection Association, 736-737H 
Naval Research Laboratory, 737H 
NBS, 77, 78, 79, 732, 775-776, 736-737H 
NCRP, 6, 77-79, 93, 107, 168, 206, 225, 292, 775-776, 931, 1098, 1101-1104, 
736-737H 
Hands: 
MPD, 259, 516, 1105, 1138 
radiation injury, 1205-1206 
Radiation Protection Guides, 122H, 618H, 662H 
Hanford Atomic Products Operation, 735-753 
cost effect of standard changes, 752-753 
cost of protection activities, 131-136, 750-751 
dosimetry, 742-743, 852 
ecological studies, 844 
environmental control program, 744-749 
geological studies, 852 
Manual of Radiation Protection Standards, 738-741 
meteorological studies, 838 
monitoring studies, 744-749, 852 
occupational and environmental radiation activities, 735-753 
occupational exposures, 742-743 
plutonium body burdens, 743 
regulations, 738-741, 744-749 
soil studies, 852 
standards research, 833 
waste-disposal studies, 852 
Harbor workers, workmen’s compensation laws, 982-983, 987, 990, 996, 1058 
Hardtack Operation, VHA tracer and strontium 90 studies, AEC contract, 836 
Harelip, genetics studies, AEC contract, 829 
Harris, W. B., statement, 43-55 
Harvard University: 
childhood neoplasia studies, AEC contract, 817 
radiation effects on lungs, AEC contract, 817 
Hawaii: 
workmen’s compensation laws, 981-983, 984, 987, 990, 991, 992, 1001, 1003, 
1006, 1013, 1022, 1030, 1040, 1051, 1078 
Hawaii, University of: 
Eniwetok Marine Biological Laboratory operations, AEC contract, 840 
radioactive fish ingestion research, AEC contract, 840 
sea urchin development research, AEC contract, 840 
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Hazards, 323-324 
acceptability, 323-324H 
aerospace craft, 158-159, 164-166, 618 
benzene, 1155 
compared with benefits of radiation, 412-413 
departmental advisory committees, 490 
dust, 631, 1176-1180 
European mines, 745-746H 
fallout, 70-71, 74, 234, 1204, 45-54H, 74-76H, 790-816H 
hearings, 1074-1079 
industrial, 43, 168-172, 409-410, 785-787, 1085-1086, 1152-1186, 1171-1180, 
1197 
medical exposure, 168-172, 1085-1086 
methyl chloroform, 1173 
mines, 43, 115, 174-175, 189-191, 193, 195-196, 300, 630-652, 754-756, 1207, 
353-363H, 430-431H, 650H, 659H, 724-760H 
nickel carbonyl, 1158, 1170 
nuclear reactor research at AEC sites, 852 
nuclear ships, 762-767H 
occupational, 302, 924-926, 1171-1173 
particle inhalation, 825 
pitchblende processing, 797, 799 
plutonium handling, 574-575 
publie acceptance, 540—545, 1180 
radiation compared with other hazards, 45-46, 131-132, 184-191, 226-238, 
267-269, 293-295, 393, 409-411, 485, 493-494, 781-782 
radiation control, 105 
radiation research, 216-217, 1081-1082 
radioisotope use, 129H, 562H 
radium-226, 4 
radium dial painting, 115, 118-119, 121, 299, 339-342, 445-460, 823, 171H, 
238-239H, 636-637H 
silica, 1158-1159, 1173-1174 
states activities, 112-114 
TNT, 1175-1176 
tritium, 788, 790, 795 
uranium, 192-197, 235, 372-373, 630-652, 679, 741, 797-799, 1114, 724-760H 
warning devices, 1145 
a compensation, Congressional Hearings, 1068-1069, 1074-1079, 
625 
X-rays, 3-4 
Head: 
MPD, 259, 1104-1105 
Radiation Protection Guides, 122H, 618-620H, 662H 
Healey, J. W., statement, 131-136 
Health: 
(See also Industrial hygiene.) 
AEC responsibilities, 90H 
Canadian regulations, 1182-1190 
cataract induction influence, 641H 
Department of Agriculture responsibilities, 91H 
Department of Commerce responsibilities, 90H 
health authority definition, 1185 
MPC value dependence, 1110 
radiological health programs, 856-858, 868, 872, 873-876, 891, 155—-156H, 
158-167H, 377—380H, 524-525H, 598H 
“Standards of Hygiene and the Proper Policies and Criteria in Radiation 
Protection’’, 56-62 
Health, Education and Welfare, Department of, 149H 
advisory responsibility to the President, 93H 
biological sampling program in Nevada, AEC contract, 817 
Bureau of Employee’s Compensation, 1068-1069 
comments on fallout hearings, 1064-1067 
comments on federal-state relationships hearings, 1072 
comments on nuclear war effects hearings, 1070-1071 
comments on workmen’s compensation hearings, 1068-1069 
cooperation with other agencies, 1071, 525H 
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Health, Education and Welfare, Department of—Continued 
Division of Radiological Health, 854, 859, 875-876, 868-912, 97H, 597-599H 
ecology research, 877, 878-879 
epidemiology program, 878, 881-884, 634H 
food, statement on wheat contamination, 612-613H 
FRC membership, 594H 
instrumentation programs, 877, 880 
letter to Senator Clinton P. Anderson, 1063 
long range radiation effects on human beings, AEC contract, 817 
medical radiation research programs, 878, 880-881 
National Office of Vital Statistics, 160H 
Office of the Secretary, responsibilities, 601H 
radiation monitoring programs, 870-871, 875-876, 885-912 
research programs, 868, 877-894 
responsibilities, environmental radiation, 889-894, 160H 
responsibilities, intradepartmental, 601-604H 
responsibilities, statutory, 90H 
statement, 854-912 
technical assistance to states, 859-861, 868-872, 1068 
training budget, 868 

Health, Education and Welfare, Department of; Food and Drug Administration, 

155H, 160H, 168H 
consultants to FRC, 124H 
decontamination research, 603H 
food monitoring program, 577H 
radiation protection program, 198-200 
radiological health activities, monetary data, 598H 
responsibilities, regulatory, 603-604H 
responsibilities, statutory, 913 
statement, 913-916 
Health, Education, and Welfare, Department of; National Institutes of Health 


“Interdepartmental Committee on Nutrition for National Defense,’’ AEC 
contract, 837 


radiological health program, 598H 

standards research support, 865 

waste disposal activities, 942 
Health, Education, and Welfare, Department of; Office of Education, 604H 
Health, Education, and Welfare, Department of; Public Health Service, 787-789H 

air radioactivity tables, 900—902 

alpha-beta surface water activity table, 905-907 

atmospheric contamination recommendations, 602H 

Atomic Bomb Casualty Commission participation, 160H 

atomic bomb testing role, 1070 

Bureau of State Services, 184-191 

comments on Consumers Union food study, 576-577H 

cooperation with Joint Task Force Seven, 157H 

cooperation with other agencies, 156—-157H, 160—-162H 

cooperation with States, 78 

“Development of Training Materials and Liaison with Academic Institu- 

tions,” 874-876 

Division of Radiological Health, 868, 875-876, 155-156H, 158-167H 

Division of Water Supply and Pollution Control, 160H 

environmental radioactivity program, 577H 

epidemiology research, 573--574H, 601H 

FRC consultants, 124H 

history, 158H 

interstate carrier regulations, 602H 

letter to JCAE, 576-577H 

letter to James T. Ramey, 787--789H 

medical exposure guidance, 161H, 602H 

milk code, 26 

milk monitoring program, 870-871, 895-897, 1065, 1067 

mine surveys, 192-197, 160H 

mining industry responsibilities, 376H 

monitoring programs, 870-871, 875-876, 895-897, 1065, 1067 

municipal assistance, 860-861, 601-602H 

National Water Quality Network, 903-909, 160H 

Public Health Service Act, 154H 
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Health, Education, and Welfare, Department of; Public Health Service—Con. 
radiation surveillance network, 837, 885-887, 898-902, 910 
radiological health activities, monetary data, 598H 
Radiological Health Data, 524-525H 
regional laboratories, 866-867 
regulations, 377-394H 
regulatory functions, 445H, 602H 
research, 219, 868, 948, 1244 
States assistance, 78, 859-861, 163-165H, 378-380H, 601-602H 
toxicity threshold limits, 1152 
training liaison with AEC, 560H 
training liaison with academic institutions, 874-876 
training programs, 858, 863-864, 873-876, 162-164H, 560H 
waste disposal surveys, 612 
X-ray safety programs, 161H, 602H 

Health, Education, and Welfare, Department of; Social Security Administra- 

tion, 604H 

Health physics: 

AEC feliowship program, 671H 
AKC site projects, 698, 852-853 
American Board of Health Physics, 566-567H, 569H 
basic research, 309-311 
costs in reactor operations, 140 
definition, 566H 
definition of health physicist, 1144 
Health Physics Society, 687-688H 
organization, 255-258 
ORNL activities, 698, 701-706, 719, 849, 843 
philosophy and program at Goodyear Atomic Corp., 725-730 
professional qualifications, 566-567H 
professional responsibilities, 1143-1144, 566H 
scope, 308-309 
training, 255, 257, 309, 567-568H, 671H 
Health Research, Inc., serum erythropoietic factor in the anemia of malignancy, 
AEC contract, 846 

Health and Safety Laboratory. (See Alomic Energy Commission.) 

Healy, J. W.: 
biography, 277H 
participation in panel discussion, 292-326H, 418-439H 
statement, 277-287H 

Healy, Patrick, Jr., statement for American Municipal Association, 522-523H 

Hearing response, radiation effeets, AEC contract, 826 

Hearings (congressional): 

Biological and Environmental Effects of Nuclear War, 1070-1071, 1082-1083, 
625H 
Employee Radiation Hazards and Workmen’s Compensation, 1068-1069, 
1074-1079, 625H 
environmental health, 857-858 
Fallout from Nuclear Weapons Tests, 1064-1067, 1080-1082, 625H 
Federal-State Relationships in the Atomic Energy Field, 1072, 625H 
Radiation Protection Standards: 
AEC General Manager’s comments, 1073 
introductory information, X-XI 
organization, 2H 
outline, X-XV, 4-5H 
purpose, IX 

Heat, mutagenic properties, 1197 

Heavy water, effects on normal and infected cells, AEC contract, 831 

Hematopoietic tissue: 

(See also Blood and Bone marrow.) 
anemia inborn in mice, AEC contract, 826 
atomic bomb effects, 1205 
cell transfusion studies, AISC contract, 846 
cell turnover systems after irradiation, AEC contract, 830 
cesium-137 mean dose, 644H 
environmental doses, 645-646H 
erythropoietic mechanisms, AEC contract, 830 
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Hematopoietic tissue—Continued H 
leukemia, 634H 
leukopoiesis, AEC contracts, 845, 846 
lymphocyte research, AEC contract, 848 
MPD, 259, 275, 1102, 1129-1130, 1137 
radiation effects, 204, 815, 1206, 630-631H 
Radiation Protection Guides, 122H, 618—-620H, 662H 
radiosensitivity, 630-631H 
regeneration following irradiation, AEC contract, 847 
strontium 90 mean dose, 644H 
X-ray effects on embryonic, AEC contract, 815 
Hemorrhagic disease, blood coagulation research, AEC contract, 846 
Heredity. (See Genetics.) 
Heterochromatin, genetic function, AEC contract, 814 
Hippocratic oath, 1, 5 
Holaday, Duncan: 
biography, 350H 
participation in panel discussion, 418—439H 
statement, 184-191, 350—-363H 
Holifield, Chet: 
foreword, III-IV 
letter to Clinton P. Anderson, III-IV 
letter from Dept. of Interior, 720H 
letter from Martime Administration, 761H 
Hollingsworth, R. L., letter of Clinton P. Anderson, 1080 
Homestake—New Mexico Partners, conditions in uranium mills, 369H 
Homestake—Sapin Partners, conditions in uranium mills, 369H 
Honeybees, radioinduced viability, AEC contract, 823 
Hormones: 
action site research, AEC contract, 832 
comparison with x-ray metabolic effects, AEC contract, 816 
mutagenic properties, 1197 
Host-parasite relations, radiation effects, AEC contract, 829 
Hotspot areas. (See Fallout.) 
Houses. (See Buildings.) 
Human beings: 
(See also Children, Embryos, Fetuses, Maternal health, Radiologists, and 
specific organs.) 
accumulation of recessive genes in populations, AEC contract, 821 
adolescent MPD, 1137-1138 
age effects on isotope concentration, 631H 
age effects on radiosensitivity, 813, 631H, 638H, 660H, 663H 
apportionment of radiation dosage, 236-238 
biological data extrapolation from animals, 56-57, 185-186, 222, 482, 491, 
831, 1204, 6830H, 632H, 636H, 710H 
body trace element variability, AEC contract, 823 
carbon 14 retention, AEC contract, 827 
calcium biological half-life, 366 
calcium/strontium metabolism, AEC contract, 822 
Carcinogenesis, somatic mutation theory, 423-431, 1199, 1209, 179-181H, 
202-210H, 637H 
cell culture studies, AEC contract, 1203 
cesium biological half-life, 360 
cesium 137 integral dose, 812H 
congenital malformations, 829, 1244, 384-385H, 390H 
diet, radioactive fish, AEC contract, 840 
dietary effects on strontium—90 intake, 605-611H, 631H 
dose-effect relationships, 421-423, 629H 
dose vs. leukemia incidence, 428-429 
dosimetry use in electrolytic and metabolic studies, AEC contract, 829 
dosimetry of natural gamma emission, AEC contract, 815 
embryo irradiation effects, 1208 
epidemiology and environmental radiation, AEC contract, 435 
fallout problems research, AEC contract, 833 
genetic effects of radiation, 128-130, 204, 206-207, 832-833, 1060, 1083, 
1192-1195, 1199, 1203, 1207-1208, 629H 
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Human beings—Continued 
gonad dose, 234, 270, 277-279, 280, 319-321, 473, 484, 1091, 1127, 1141-1143, 
1192-1194, 18H, 74-76H, 477H, 504H, 645-646H, 806H 
growth and development, 641H 
intake/uptake ratio, 663H 
internal radiation effects, 637-640H 
iodine 131 uptake, 748, 1209-1210 
leukemia in ankylosing spondylitis cases, 57, 426, 631H 
leukemia distribution among atomic bomb casualties, 426—427 
life-shortening from radiation, 58, 251, 266-267, 640, 814, 824, 827, 829, 
1205, 179H, 211-219H, 240-241H, 243H, 660H 
MAC of uranium, 353H 
mutagenic agents, 1197 
mutation doubling dose of radiation, 484 
mutation loads, AEC contract, 821, 824 
mutation rates, 424, 484, 819, 821, 824, 9H, 194—-202H, 242-243H 
occupational cumulative exposure, 296-297 
organ doses, 654H 
plutonium pathogenicity, 637H 
population genetics, AEC contract, 821 
pregnancy, X-ray effects, 159H 
radiation effects, 204, 471, 817, 1192, 1195-1197, 1205, 1207-1208, 238-240H, 
629H, 631H 
radiation effects extrapolation from animal research, 55-56, 222, 482, 491, 
831, 1204, 630H, 632H, 636H, 710H 
radiation hazards versus other hazards, 267-269, 293-295, 409-411, 485, 
493-494, 781-782 
radiosisotope uptake, 849, 1090-1091, 1209-1210, 663H 
radiosisotopes, comparative pathogenicity, 637H 
radiosensitivity, 935-936, 1209, 630-631H, 642H, 650H, 660H, 663H 
radium biological half-life, 359, 362-363, 366 
radium pathogenicity, 443-461, 820, 1204, 1206, 435H, 630H, 637-639H 
radium 226 effects, 438, 441, 459-461 
radium 226 standard for bone seekers, 437-441, 935, 1105 
radium 228 uptake, 450-452 
RBE extrapolation from lower animals, 710H 
rubidium biological half-life, 360 
sodium biological half-life, 360 
“standard child’’, 631H 
“standard man”, 286-287, 354, 1110, 631H, 820H 
strontium biological half-life, 366 
strontium-calcium metabolism, AEC contract, 822 
strontium pathogenicity, 630H, 637H 
strontium retention, intravenous vs. oral dose, 361, 365 
strontium 90 integral dose, 812H 
synergism, 857 
thorium comparative pathogenicity, 637H 
thorium uptake, 450-452 
tissue culture genetic research, 819, 1192, 1203 
toxicity research, 1166 
a mee environment, 192-197, 387, 450-452, 784, 1065-1066, 1209-1210. 
663 
WHO symposium ‘Effect of Radiation on Human Heredity’’, 435 
Human body burden. (See Body burden.) 
Hydrogen 2. (See Deuterium.) 
Hydrogen 3. (See Tritium.) 
Hygiene. (See Healih and Industrial Hygiene.) 
Hyperthyroidism, iodine 131 therapy, 1207 


I 


ICRP. (See International Commission on Radiological Protection.) 

ICRU. (See International Commission on Radiological Units and Measurement.) 

Idaho, workmen’s compensation laws, 982, 983, 984, 987, 988, 990, 991, 992, 995, 
1001, 1003, 1006, 1013, 1022, 1030, 1041 
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Idaho Chemical Processing Plant: 
atmospheric contamination standards, 758 
criticality incident, October 1959, 766 
decontamination activities, 760 
decontamination costs, 770-771 
dosimetry techniques, 759-760 
exposures, 759 
history and functions, 754-755 
monitoring, 760-763, 765, 767-768, 771-772 
regulations, 754-774 
Illinois 
radium concentration in water, 268 
strontium 90 content in foods, 605-611H 
workmen’s compensation laws, 975, 982, 983, 984, 987, 990, 992, 997, 1001, 
1003, 1006, 1014, 1022, 1030, 1041 
Illinois Institute of Technology, Armour Research Foundation, fallout, AEC 
contract, 836 
Illinois, University of: 
enzyme activity and nucleic acid metabolism research, AEC contract, 817 
protest recovery from radioinduced mitotic inhibition, AEC contract, 817 
RNA function in plant ion accumulation, AEC contract, 818 
Image intensifiers, AEC research contracts, 850, 851 
Image tubes. (See Electron image tubes.) 
Immediate effects. (See under Exposure (acute) and Exposure (chronic).) 
Immunology: 
(See also Antibody-antigen studies.) 
gamma irradiation studies, AEC contract, 828 
immunocytology of development in irradiated mouse embryos, AEC con- 
tract, 813 
radiation injury studies, AEC contracts, 819, 821, 825, 832 
India, background radiation levels, 268 
Indiana: 
ecological survey of W. C. Allee Memorial Woods, 843 
workmen’s compensation laws, 982, 983, 984, 987, 990, 991, 992, 1001, 1003, 
1006, 1014, 1022, 1030, 1041 
Indiana University Foundation: 
cellular heredity in Paramecium, AEC contract, 818 
Drosophila mutation incidence research, AEC contract, 818 
Industrial hazards. (See Hazards.) 
Industrial hygiene: 
(See also American Conference of Government Industrial Hygienists and 
Health.) 
AEC sites, 852 
atmospheric contamination, 45 
beryllium, 43 
definition, 44 
illness diagnosis, 1171-1172 
newsletter, 1152 
nuclear energy projects, 103-104 
radiation compared with toxic chemicals, 45-46, 131-132, 184-191, 393 
relationship to radiation protection, 43-55 
standards, 45, 83-95, 1170-1180 
threshold limits for chemical substances, 1152-1181 
uranium mines and mills, 43, 195-196 
Infections: 
gamma ray effects, AEC contract, 828 
influenza in mice, radiation effects, AEC contract, 821 
rickettsial and viral research, AEC contract, 820 
Information programs: 
(See also Public information.) 
AEC, 537, 540-545 
radiobiology educational program, 834 
traveling lecture programs, 834 
Ingestion: 
MPC equation, 325 
radioactive fish, AEC contract, 840 
radioisotope organ burden, 353, 355, 747, 630H, 659H, 819H 
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Ingestion—Continued 
radioisotopes, 561H 
radium, 342 
regulations for contamination zones, 720 
standards based on water intake, 935 
uranium, 724-725 
Inhalation: 
(See also Respiratory system.) 
MPC derivation, 325, 1114 
radioactive particle hazards, AEC contract, 825 
radioisotopes, 833, 835, 659H 
toxic substances, 1152-1156 
uranium, 724-725, 733, 740, 748H 
Injuries: 
(See also Atomic bomb casualties, Genetics, Somatic effects, and specific 
organs, tissues, and diseases.) 
acute irradiation, 823, 711-713H 
Bureau of Mines Manual chapter revision, 731—-738H 
cell turnover systems in irradiated mice, AEC contracts, 830 
central nervous system, AEC contract, 814 
chronic irradiation, AEC contract, 823 
clinical management research, 832 
compared with benefits from radiation, 293-295 
definitions, 205, 986 
detection of radioinduced, 1068, 631H 
dose-effect relationship in radioinduced, 421-423 
dose rate dependence in radioinduced, 301 
gastrointestinal tract, radioinduced, 812, 1206—1207 
immunological studies, AEC contract, 819 
irreparable, 640H 
lipid utilization in radioinduced, AEC contract, 829 
longevity in irradiated mice, AEC contract, 826 
nephritis research, AEC contract, 814 
neutron action, 703H 
New York State cases, 119 
plutonium induced, 829, 637H 
radiologists, 63, 201-204, 1205-1206, 635H 
radioinduced alteration, AEC contracts, 826, 828, 845-849 
radioinduced, mechanism, 534-539, 815, 820, 833, 853, 661H, 703H 
radioinduced, pathological effects, 812, 814, 833, 834, 1204-1210, 637H 
radioinduced, recovery, 207, 232-233, 826, 828, 849, 1204, 435H 
radium induced, 348-349, 438, 443-461, 820, 1204, 1206, 435H, 630H, 
637—-639H 
reversal in Algae, AEC contract, 828 
rickettsial and viral infections research, AEC contract, 820 
threshold concept, 303, 421 
vitamin utilization in radioinduced, AEC contract, 829 
workmen’s compensation, 973-1058, 1074-1079 
Inspection, 461-463, 531-533, 461—464H, 510—511H, 557-558H 
AEC program, 531—533, 461—464H, 557—-558H 
AEC transfer of authority to states, 93-94H, 480H, 482H, 552-559H 
669-686H 
FDA activities, 604H 
personnel, 112-113, 862-864, 872, 1070, 1185, 671H, 681-683H 
PHS aetivities, 602H 
State activities, 872, 557—-558H, 561H, 681H 
X-ray machines, 345—-347H, 428-429H 
Institute for Cancer Research, UV ray effects on cells, AEC contract, 818 
Instrumentation, 34, 833, 850-853, 161-162H, 173H, 652H, 663H 
(See also Dosimetry.) 
blood cell scanner, AEC contract, 825 
costs in reactor operation, 140 
DOD projects, 934 
detector development, AEC contracts, 813, 850, 851 
in tivo detector development, AEC contract, 850 
determination of biological action of radiation, AEC contract, 815 
HEW programs, 877, 880, 604H 
low-level radiation detector, AEC contract, 850 
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Instrumentation—Continued 
measurement reliability, 929 
monitoring, 705-706, 760-763, 663H 
NBS research, AEC contract, 850 
scintillators, AEC contracts, 850, 851 
stratospheric dust sampler, AEC contract, 836, 837 
warning devices, 1145 
Insurance, 96—104, 150 
Inter-American Institute of Agricultural Sciences, AEC contract, 818 
Interior, Department of, 443H 
letter to Clinton P. Anderson, 721-723H 
letter to Chet Holifield, 72CH 
Interior, Department of; Bureau of Mines: 
educational responsibilities, 757H 
health bazards and safety references, 758-760H 
Information Circular—7834, 739-760H 
Manual chapter revision, 728-738H 
mine safety responsibilities, 631-632, 91H, 724-760H 
Interior, Department of; Fish and Wildlife Service, marine organism research, 
AEC contract, 841 
Interior, Department of; Geological Survey, aerial radiological surveys, AEC 
contract, 837 : 
Internal dosimetry. (See Dosimetry.) 
Internal emitters, 468, 830 
(See also Exposure (internal), Maximum Permissible Concentration, and 
specific radioisotopes. ) 
definition, 819H 
monitoring, 317-337, 581-584, 691, 853 
NCRP recommendations, 514 
occupational exposure, 514, 666-669, 743, 790, 1145 
occupational versus population MPC, 473-474 
overexposure control, 581-584 
uranium hazards, 654, 687 
International Association of Industrial Accident Boards and Commission, 977, 
1076-1079 
International Atomic Energy Agency: 
emergency exposure limit suggestions, 136H 
ICRP relationship, 1147 
NBS cooperation, 965 
shipping regulations, 939, 149H 
International Bureau of Weight and Measures, NBS cooperation, 965 
International Commission on Radiological Protection, 93, 66-67H, 111-—112H, 
157H, 159H, 192H, 242-245H, 625H 
(For recommendations see Mazrimum Permissible Concentration and 
Maximum Permissible Dose.) 
AEC comments on recommendations, 498-504 
aerospace nuclear safety recommendations, 155-167 
basis of recommendations, 6, 83-84H 
Canadian use of recommendations, 1182-1190 
discussions on recommendations, 6, 65-67, 78, 217-218, 222, 250, 502, 1121- 
1145, 182-183H, 243-250H 
epidemiology studies, 1109 
exposure, control philosophy, 501-502 
fallout recommendations, 933, 46-47H, 69-70H 
FDA comments on recommendations, 199-200 
financial assistance, 1122 
FRC relationship, 443H 
genetic dose apportionment, 236-238 
genetic studies, 1132 
handbooks, 6 
history, 3, 202, 222-225, 1096, 1121, 56H, 625H 
IAEA relationship, 1147 
legal implications of recommendations, 262, 479 
membership, 1124-1126, 1147-1148 
methods of formulating recommendations, 83-84H 
Munich report, 213, 328 
NBS relationships, 965-966 
NCRP, standards agreements, 276 
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International Commission on Radiological Protection—Continued 
nuclear ship operation recommendation, 948 
objectives, 1124, 1133 
occupational exposure compared with population exposure, 474 
primary, secondary, and tertiary standards, 250-258, 264, 307-316, 467-470 
Publication Committee, 1121-1122 
RBE considerations, 272-273, 702H, 714H 
research studies for UNSCEAR, 1147 
— of recommendations, 213, 405, 1102, 1127-1133, 1136, 1148-1150, 

193 
rules governing work, 1123-1124 
somatic exposure philosophy, 502-503 
statistical considerations, 503-504 
Subcommittee on Regulation of Exposure Dose, 107 
World Health Organization relationship, 1124, 1147 

International Commission on Radiological Units and Measurements: 
functions, 222-225, 57H : 
history, 222-225, 239-249 
medical exposure studies, 1121-1122 
methods of operation, 239-248 

International Conference on the Safety of Life at Sea, 948 

International Congress of Radiology, 1146-1151, 625H 

International Labor Office, 1147 

International X-ray and Radium Protection Commission, 1121 

Interstate Commerce Commission: 
shipping regulations, 566, 937-939, 971, 91H, 149-150H 
statement, 937-939 

Intestines. (See Gastro-intestinal tract.) 

Iodine: 
age effects on equilibrium in tissue, 631H 
body distribution, 1086, 1090 
embryonic thyroid studies, AEC contract, 818 
metabolism studies of marine invertebrates, AEC contract, 841 
release from reprocessed spent fuel elements, 645H 

Iodine 131: 
air content in Hanford area, 748 
biological half-life, 253-254, 366 
body burden, 253-254, 366 
critical organ, 252 
effective half-life, 253 
emergency acceptable levels, 289-291, 1150 
fallout, 466, 806H 
fetal effects, AEC contract, 821 
food and milk contamination, 289, 748, 791, 897, 1150, 1210 
gonadal uptake, 1209-1210 
grass contamination, 791 
human uptake mechanism, 748, 1209-1210 
hyperthyroid therapy, 1207 
leukemogenesis studies, 635-636H 
MPC values, 255, 366-369 
nuclear aerospace craft contributions, 618 
organ burden at equilibrium, 366 
ovary doses, 321 
RBE determination, 252-258 
SRP standards for release to environment, 796 
thyroid studies, AEC contracts, 818, 820, 830 
uptake studies, 232-233, 748, 1209-1210, 631H 
waste disposal handbook, 6 
Windscale accident release, 232-233, 289 

Iodine 132, 791 

Iodine 133, 791 

Iodine 135, 791 

Ion, definition, 819H 

Ionics, Incorporated, radium and thorium determinations, AEC contract, 850 

Ionizing radiation, definition, 1185 

Iowa, workmen’s compensation laws, 982, 983, 984, 987, 988, 990, 991, 992, 997, 

1001, 1003, 1006, 1014, 1022, 1030, 1041, 1077-1079 
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Iowa, State University of: 
cataract radio induction, AEC contract, 818 
thyroid iodine uptake research, AEC contract, 818 
Iowa State University of Science and Technolo gy, animal irradiation effects, AEC 
contract, 818 
Iridium 192, New York State exposures, 18H 
Iron: 
adsorption by silt, AEC contract, 841 
X-ray effects on rat visceral concentration, AEC contract, 811 
Irreparable injury. (See Life span.) 
Irritants (chemical), 1154 
Isotope separation plants. (See Gaseous difusion plants.) 
Isotopes, definition, X VII, 819H 
(See also Radioisotopes.) 
Isotopes, Inc., Westwood, N.J., fallout data, AEC contract, 837 
Israel, Weizmann Institute of Science, 843 

































J 


Jackson (Roscoe B.) Memorial Lab., radiation research on mice, AEC contracts, 
825, 826, 839 
Japanese atomic bomb casualties. (See Atomic bomb casualties.) 
JCAE. (See Joint Committee on Atomic Energy.) 
Jefferson Medical College of Philadelphia: 
bone marrow transplantation research, AEC contract, 846 
embryo irradiation, delayed effects, AEC contract, 818 
radioactive particle effects on lung tissue, AEC contract, 818 
Johns Hopkins University: 
aerosol behavior studies, AEC contract, 841 
bacteria research, AEC contract, 819 
bioluminescence studies, AEC contract, 819 
blood coagulation research in hemorrhagic disease, AEC contract, 846 
chromosome research, AEC contract, 819 
gene research, AEC contract, 819 
helminth parasites, radiation effects, AEC contract, 819 
iron and zine adsorption by silt, AEC contract, 841 
mutagen studies, AEC contract, 819 
mutation rates in human tissue culture, AEC contract, 819 
phage chromosome synthesis, AEC contract, 819 
Joint Committee on Atomic Energy, 105, 220, 625H 
letter from AFIL—CIO Metal Trades Department, 564—565H 
letter from Bureau of the Budget, 595-596H 
letter from PHS, 576-577H 
press release announcement of hearings, 3-4H 
Special Subcommittee on Radiation, 1H 
Steering Committee on Radiation Protection Criteria and Standards, 6H 
Joint Task Force Seven, 157H - 
x 






















Kaiser Foundation, Laboratory of Comparative Biology, photochemistry 
research, AEC contract, 819 
Kansas: 
strontium-90 content of foods, 605—-611H 
workmen’s compensation laws, 975, 982, 983, 984, 987, 988, 990, 991, 992, 
998, 1001, 1003, 1006, 1014, 1022, 1031, 1042, 1078 
Kansas, University of: 
bone seeking radioisotope deposition and excretion, AEC contract, 819 
immunological studies of radio-induced damage to biological systems, AEC 
contract, 819 
Kentucky: 
radioecological studies of biota, AEC contract, 841 
workmen’s compensation laws, 982, 983, 984, 987, 988, 990, 991, 992, 998, 
1001, 1003, 1006, 1014, 1022, 1031, 1042 
Kentucky Research Foundation, calcium level and placement effects on plant 
uptake, AEC contract, 820 
Kermac Nuclear Fuels Corp., conditions in uranium mills, 369H 
Kerr-M’Gee Oil Industries, Inc., conditions in uranium mills, 370H 


KX 
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Kidney: 
radiation nephritis, pathogenesis, AEC contract, 814 
renal antiserum, animal radiation response, AEC contract, 822 
uranium toxicity, 372-373, 748H 
X-ray effects, AEC contract, 827 
Kiwi A. (See Aerospace nuclear propulsion.) 
Kleinfeld, Morris, statement, 115-120 
Kresge Eve Institute, ocular lens radiation effects, AEC contract, 820 
Krypton, release from reprocessed spent fuel elements, 645H 


L 


Labels. (See Symbols.) 
Labor, Department of: 
FRC consultation, 124H 
hazardous occupation responsibilities, 631, 91H, 149H 
workmen’s compensation, 973-1058, 1076, 1079 
Labor unions. (See AFL-CIO.) 
Lakeview Mining Co., conditions in uranium mills, 370H 
Lamont Geological Laboratory. (See Columbia University.) 
Lanthanum 140-Barium 140 mixtures, ovary doses, 321 
Lapp, Ralph E. 
biography, 292H 
comments on FRC staff report, 329-333H 
participation in panel discussion, 292-326H 
“Radiation— What It Is and How It Affects You,’ 434H 
atin America, atomic energy and agriculture, AEC contract, 818 
saryngoscope, 437 
aug, Edwin P., statement, 198-200 
aw. (See Legislation.) 
sawrence Radiation Laboratory 
bone marrow transfusion studies, 849 
health physies research, 853 
instrument development projects, 853 
physical biochemistry research, 853 
standards research, 833 
LDs. (See Median lethal dose.) 
Lead: 
biological half life and EDTA effects in dogs, AEC contract, 815 
handling problems, 1155 
Learning. (See Psychology.) 
Legislation XIV, 3, 47, 81-82, 402-403, 784, 920, 185-186H, 441-500H 
(See also Regulations and the specific state or territory.) 
AEC comment on workmen’s compensation, 1074-1079 
AFL-CIO proposal, 124-125, 547-549H 
American Bar Association, 784 
Canadian Atomic Energy Control Act, 1182-1190 
civil air regulations, 970-972 
Coast Guard responsibilities, 940—950 
Council of State Governments recommendations, 1077 
Dangerous Cargo Act, 941-948, 950 
Federal Aviation Act, 970-972 
ICC recommendations, 939 
ICRP-NCRP recommendations, 262, 479 
MAC threshold standards, 1180-1181 
meat inspection act, 967 
merchant marine safety, 947-948, 950 
municipal, 514-515H 
NCRP handbook—Regulation of Radiation Exposure by Legislative Means, 
107 
OPA Pricing Standards, 768—-786H 
Organic Act of 1862, 967 
Poultry Products Inspection Act, 967 
Public Law 86-373, 124, 1072, 108-109H, 120H, 316H, 442H, 457H, 467H, 
511H, 522H, 547-549H, 552-559H, 564-565H, 614H, 625H, 660H, 664H, 
669H, 671H, 675H, 686H 
Public Law, 660, 903 
Public Law, 772, 937-938 
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Legislation XIV—Continued 


Research and Marketing Act, 967 
states, 112, 870-871, 1077-1079 
USDA, 969, 91H 
Walsh-Healey Act, 631-632, 1076 
waste disposal, 950 
workmen’s compensation, 236, 973-1058, 1074-1079, 245-246H, 294H 
workmen’s compensation laws, 96, 973-1058, 549H 
accidental injuries, 973-1058 
AEC comments on JCAE Hearings, 1074-1079 
benefits, 974, 979-981, 996-1058 
choice of physician, 980, 1001-1002 
claim filing time limits, 978-979, 992-995, 1078 
compulsory vs. elective systems, 982 
Council of State Governments activities, 1076, 1079 
death cases, 1038-1048 
excepted employment, 975 
exemptions, 975, 984-985 
extraterritorial coverage, 976 
Federal employees, 1010-1011, 1018-1019, 1025-1026, 1036, 1047, 1058, 
1077 
Federal Employees Compensation Act, 973, 982, 983 
hazardous employment, 975 
International Association of Industrial Accident Boards and Commis- 
sions, 977, 1076-1079 
Longshoremen, 982—983, 987, 990, 996, 1010, 1018, 1025, 1036, 1047, 1058 
medical benefit limits, 996-1000 
medical care supervision, 980 
occupational diseases, 976, 987-994 
permanent partial disability, 1012—1020 
permanent total disability, 1029-1037 
radiation hazards, 1068-1069, 1074-1079, 625H 
rehabilitation benefits, 981, 1049-1058 
subsequent injury, 977-978, 990 
temporary total disability, 1003-1011 
waivers, 991 


Lens. (See Eye.) 

LET (Linear energy transfer), 703-719H 
Lethality. (See Death.) 

Letters: 


from AFL-CIO to JCAE, 564-565H 

from Clinton P. Anderson to Allen V. Astin, 691H 

from Elda E. Anderson to Arthur 8S. Flemming, 687—688H 

from Allen V. Astin to Clinton P: Anderson, 692-693H 

from Bureau of the Budget to JCAE, 595-596H 

from Department of Interior to Clinton P. Anderson, 721-723H 
from Department of Interior to Chet Holifield, 720H 

from Department of Interior, information service release, 724—727H 
from Arthur S. Flemming to Clinton P. Anderson, 1063, 697H 
from Arthur S. Flemming to Elda E. Anderson, 689H 

from Arthur S. Flemming to Lauriston 8S. Taylor, 690H 

from John F. Floberg to New York Governor, 122 

from FRC to Federal agencies, 664—666H 

from Chet Holifield to Clinton P. Anderson, ITI-IV 

from R. L. Hollinsworth to Clinton P. Anderson, 1080 

from A. R. Luedecke to Clinton P. Anderson, 1073, 364-365H, 375-376H 
from Maritime Administration to Chet Holifield, 761H 

from Metal Trades Department, AFL-CIO to JCAE, 564-565H 
from PHS to JCAE, 576-577H 

from PHS to James T. Ramey, 787—789H 

from Paul C. Tompkins to James T. Ramey, 128 

from C. W. Wallhausen to Clinton P. Anderson, 587—588H 


Leucocytes. (See Blood.) 
Leucopenia, radioinduction, 136H 
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Leukemia, 228, 230H 
atomic bomb effects, 426-427, 1083, 1205 
children, 427-428, 1206, 242H, 636H 
epidemiology studies, 634H 
incidence, basis of MPD, 1089 
induction in ankylosing spondylitis cases, 57, 426, 631H 
induction probability, 266-267, 635-636H 
medical exposure, 270, 636H 
mice, 1208-1209, 637H 
occupational exposure studies, 636H 
population exposure studies, 636H 
prenatal irradiation, 427-428 
radioinduced, 57, 233, 251, 271, 406, 425-431, 1132, 1205-1206, 1208-1209, 
53H, 180H, 631-632H, 634-637H, 644H 
radiologists, 409, 426, 1127-1128, 178H 
somatic mutation rate estimation, 424 
Leukopoiesis. (See Hematopoietic tissue.) 
Levinthal Electronic Products, Inc., Nal erystal research, AEC contract, 850 
Lewis, E. B.: 
biography, 227H 
participation in panel discussion, 233-254H 
statement, 404-407, 227-232H 
Liberty Mutual Insurance Company, survey of medical radiation practices, 435H 
Licenses. (See Regulations.) 
Life processes, AEC research program, 534-539 
Life span, 1128, 633H 
aging, somatic mutation theory, 423, 430, 194-202H, 640H 
cell studies, AEC contract, 832 
dog, radiation effects, AEC contract, 812 
dose-rate considerations, 1205 
Drosophila, radiation effects, AEC contract, 827 
embryos, radiation effects, AEC contract, 818 
internal emitter effects, 639H 
irreparable injury factor, 640H 
medical exposure effects, 270 
mice, radiation effects, 826, 1192, 215-218H, 633H, 639-640H 
radiologists, 207, 1128, 1205, 241-242H, 640H 
lengthening, inconclusive evidence at low dose rates, 639H 
shortening, 58, 251, 266-267, 640, 814, 824, 827, 829, 1205, 1209, 179H, 
211-219H, 240-241H, 243H, 630H, 633H, 639-640H, 660H 
Linear energy transfer, 703-719H 
Linfield Research Institute, high-intensity pulsed X-ray system development, 
AEC contract, 846 
Lipids: 
gamma ray research, AEC contract, 816 
metabolism research, AEC contract, 813, 833 
phospholipid relation to dietary factors, AEC contract, 829 
skin, X-ray effects, AEC contract, 825 
utilization in radiation injury, AEC contract, 829 
UV ray research, AEC contract, 816 
sees metabolism research, AEC contract, 833 
iver: 
radiation protective influences, AEC contract, 848 
sarcoma, 636H 
Lizards, radiation effects, AEC contract, 843 
Localized exposure. (See Exposure (localized).) 
Lockheed Reactor, ecological studies at site, AEC contract, 840 
Longevity. (See Life span.) 
Longshoremen, workmen’s compensation laws, 982-983, 987, 990, 996, 1010, 1018, 
1025, 1036, 1047, 1058 
Looney, Dr. William D., statement, 443-461 
Los Alamos Scientific Laboratory, protection standards research, 833 
Louisiana, workmen’s compensation laws, 975, 982, 983, 984, 987, 988, 990, 991, 
992, 998, 1001, 1003, 1006, 1014, 1022, 1031, 1042 
Louisville, University of, biota radioecological studies, AEC contract, 841 
Low-level detectors, AEC contract, 850 
Low-level exposure. (See Exposure (low level).) 
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Lucky M Uranium Corp., conditions in uranium mills, 370H 
Luedecke, A. R., letter to Clinton P. Anderson, 1073, 364-365H, 375-376H 
Luminescence, 819, 851 
Luminous dials: 
mesothorium and thorium in paint, 450-452 
painters, cancer, 299, 446-453, 238-239H, 636-637H 
painters, epidemiology studies, AEC contract, 823 
painters occupational exposure, 115, 118-119, 339-342, 445-460, 171H, 479H 
population exposure, 11, 234, 18H, 76H, 135H, 646H 
submarine contamination, 610-611 
Lungs. (See Jnhalation and Respiratory system.) 
Lymphocytes: 
AEC research contract, 848 
radiation effects detection, 630-631H, 635H 


M 
MAC. (See Maximum acceptable concentration.) 
Macromolecular chemistry, 833 
Maine, workmen’s compensation laws, 982, 983, 984, 987, 988, 990, 991, 992, 998, 
1001, 1003, 1007, 1014, 1022, 1031, 1042, 1077, 1078 
Mallinckrodt Chemical Works, Weldon Springs Plant, regulations, 797-803 
Malnutrition, radiosensitivity effects, 630H 
Mammals, 833 
(See also the specific animal.) 
chromosomes, radiation effects, AEC contract, 831 
embryo irradiation effects, 820, 823, 1208 
physiology research, AEC contract, 832 
population dynamics study, AEC contract, 843 
radiation recovery studies, AEC contract, 849 
skin, cosmic ray and microbeam effects, AEC contract, 812 
Manganese: 
sedimentation in the ocean, AEC contract, 841 
X-ray effects on rat viscera concentration, AEC contract, 811 
Manhattan Project, government liability, 97-98 
Manuals 
(See also Handbooks.) 
Atomic Energy Commission, 
Bureau of Mines, 728-738H 
Hanford Atomic Products Operation, 738-741 
nuclear submarines, 930—931 
Marine organisms. (See Aquatic organisms.) 
Marine sciences, AEC research contracts, 837-844 
(See also Aquatic organisms, Ecology, and Oceanography.) 
Maritime Administration, 160H, 761H 
Maritime reactors. (See Ships (nuclear).) 
Marquette University: 
rickettsial and viral infection research, AEC contract, 820 
X-ray effects on blood and the antibody mechanism, AEC contract, 820 
Marrow. (See Blood, Bone marrow, and Hematopoietic tissue.) 
Mary Imogene Bassett Hospital, hematopoietic cell transfusion studies, AEC 
contract, 846 
Maryland, workmen’s compensation laws, 975, 982, 983, 984, 987, 990, 991, 992, 
1001, 1003, 1007, 1014, 1022, 1031, 1042 
Maryland, University of, plankton nutrition and antibiosis studies, AEC con- 
tract, 841 
Massachusetts: 
reactor fuel reprocessing plant, 579-581H 
regulations, 79, 127-128H, 479H 
workmen’s compensation laws, 981, 982, 983, 984, 987, 990, 991, 992, 1001, 
1003, 1007, 1015, 1023, 1031, 1043, 1052 
Massachusetts General Hospital: 
bone, mechanism of radiation destruction, AEC contract, 820 
bone marrow collection and use, AEC contract, 846 
nerve tissue, microscopy of radiation effects, AEC contract, 820 
protein and nucleic acid synthesis mechanism research, AEC contract, 820 
thyroid research, AEC contract, 820 
Massachusetts Institute of Technology: 
radium and mesothorium poisoning research, AEC contract, 820 
stratospheric transport processes, AEC contract, 841 
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Massachusetts University of, UV ray effects on yeast cells, AEC contract, 820 
Maternal health, 1150, 604H 
Mathematies, biology research, AEC contract, 834 
Maximum Acceptable Concentrations, 85-86, 186-187, 1114, 1157-1158, 351-354H 
definition, 1157 
dusts in factories, 1176-1180 
engineering and chemical applications, 1171-1181 
threshold limits, 1158-1170 
uranium in human body, 353H 
Maximum Permissible Concentration (ICRP and NCRP recommendations), 6, 
132-133, 316, 338-391, 467, 474, 514, 517, 1106, 1130, 254—-255H 
(See also Body burden and Radioactivity Concentration Guides.) 
absorbed dose, the basic criterion, 339, 935 
age factors, 1110, 1120 
atmospheric contamination, 474, 667-668, 775-776, 1095-1120 
breathing rate considerations, 325, 1114 
cesium 137, 290, 369-371 
chemical toxicity considerations, 1114 
compartment model parameter, 1113 
critical organs, 1105, 1112 
daughter formation factors, 1112-1114 
derivation, 253, 291-292, 316, 325, 356-388, 1064-1065, 1103-1105, 1110- 
1114, 1119, 656-657H 
dose rate factor, 1113-1114 
ecological factors, 272, 968, 1210 
emergency levels, 289-291 
foods, 199-200, 289-291, 316, 386-387, 474, 932, 1091, 1107-1109, 1114, 
1150, 263H, 606H 
health factors, 1110 
HEW comments, 1066-1067 
inhalation protection, 740 
iodine 131, 290, 366-369, 1105 
mixed radioisotopes, 1064, 1116 
occupational exposure, 1095-1120 
occupational vs. population exposure, 473-474, 1118-1120 
organ burden, 353, 355, 366, 747, 1116-1117, 1139-1140, 630H, 659H, 819H 
PHS comments, 184-191 
radioisotope physio-chemical properties, 1110-1120 
radioisotopes, mixed, 1064, 1116 
radioisotopes, unidentified, 1117-1118 
radium 226, 300, 340-343, 356-366, 459-461 
radium 226 standard for bone seekers, 437-441, 935, 1105 
radon and daughters, 300, 322-323, 371-372, 9H, 355-356H, 361H, 658-659H 
safety factor, 314-316, 922-923 
soluble and insoluble compounds, 1112 
special groups, 1139-1140 
strontium 89, 290 
strontium 90, 199-200, 289-291, 356-366, 382-388, 437-441, 457, 459-461, 
1105, 1150, 263H, 606H 
thorium, 374-379 
time factor, 314-316, 1112 
total body content, 1116-1117 
trace elements, 1111 
uranium, 372-374, 667, 688, 775-776 
waste disposal considerations, 628 
water dietary intake considerations, 356-366, 474, 1095-1120 
Maximum Permissible Dose (ICRP and NCRP recommendations) : 
(For FRC recommendations, see Radiation Protection Guides.) 
accidental exposure, 1138 
adolescents, 1137-1138 
AEC Manual recommendations, 507-517 
ankles, 259, 516, 1105, 1138 
apportionment of radiation dosage, 236—238 
background level, the basis, 405-406, 930-932, 1089, 159H, 221-223H, 229H 
beta ray recommendations, 776-777 
bone, 259, 275, 517 
Canadian values, 1190 
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Maximum Permissible Dose (ICRP and NCRP recommendations) —Continued 
compatibility with radium 226, MPC values, 382-383 
compatibility with strontium 90, MPC values, 382-384, 939 
critical organ, 516, 1104-1105, 1137 
definition, 205, 208, 647H 
derivation, 404—406, 470-474, 1089 
discussion, 6, 65-67, 78, 205, 222, 250, 468, 502, 1106, 1126-1134, 1136, 
182—183H, 243-250H, 660-661H 
dose rate factor, 1137 
emergency exposure, 289-291, 1138 
exposure history effects, 1137 
eye, 259, 274-275, 1102, 1129-1130, 1137, 1139 
fallout, 73, 931, 46-47H, 69-70H 
feet, 259, 516, 1105, 1138 
forearms, 259, 516, 1105, 1138 
gonads, 210-211, 236-238, 274-278, 473, 516-517, 618, 758, 929, 1086, 1102, 
1129-1133, 1135-1137, 1141-1143, 1195, 187-188H 
hands, 259, 516, 1105, 1138 
head, 259, 1104-1105 
hematopoeitic tissues, 259, 275, 1102, 1129-1130, 1137 
HEW comments, 1066-1067 
occupational exposure, 207-209, 259-260, 274, 328, 499-504, 513, 516-517, 
664-669, 1101-1120, 1129-1130, 1136-1140, 1190 
organs, 259, 275, 1104-1105, 1138-1140, 16H 
population exposure, 209-211, 261, 273, 275, 278, 289-291, 405-406, 473, 
499-504, 513, 516-517, 929-930, 1086, 1089, 1135-1136, 1140-1148, 
221-222H 
PHS comments, 184-191 
radium 226, 437-441, 935, 1105 
revisions, 213, 405, 923, 1102, 1127-1133, 1136, 1148-1150, 193H 
safety factor, 487, 922-923, 1127 
skin, 259, 275, 299, 516, 758, 1105, 1129-1130, 1138 
somatic dose, 1142, 188H 
special groups, 1137, 1139-1140 
strontium 90, 383-387, 935 
threshold dose concept, 405 
thyroid, 259, 275, 1106-1107, 1129-1130 
time factor, 1136 
trunk, 259, 1104-1105 
whole body, 77, 259, 274, 275, 370, 499, 516-517, 758, 1105 
working limit, 820H 
Maximum Permissible Levels. (See Maximum Permissible Concentration and 
Mazimum Permissible Dose.) 
McAdams, W. A.: 
biography, 268H 
participation in panel discussion, 292-326H 
statement, 105-111, 268-276H 
McAllister, R. G., statement, 173-175 
McClement, Patricia, ‘‘The Shortening of Life by Chronic Whole-Body Irradia- 
tion’’, 211-219H 
McCone, John A., statement, 456-467H 
Mean life, definition, X VII, 819H 
Measles, embryological effects, 1208 
Meat Inspection Act, 967 
Median lethal dose, 491, 640H 
Medical benefits, workmen’s compansation limits, 996-1000 
Medical Evangelists, College of, blood leukopoietic factors, AEC contract, 846 
Medical exposure. (See Exposure (medical).) 
Medical physics, instrumentation development projects, AEC contract, 853 
Medical profession: 
(See also American Medical Association.) 
chelate compound use, ‘‘ad hoe” conference, AEC contract, 846 
education in radiation use, 340-341H, 344H 
exposure codes, 425-427H 
co gem Oath, 1, 5 
NCRP standards use, 337-338H 
radiation practices, 330H, 434-439H 
responsibilities in radiation use, 15H, 265H, 308-309H, 338-339H, 419-425H 
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Mediterranean area, tritium content of water sources, AEC contract, 843 
Megacurie (Mce.), definition, X VII, 817H 
Megakarocytosis, X-ray effects, AEC contract, 823 
Meharry Medical College, beta and X-ray effects on free tumor cells, 821 
Membrane electrodes; alkaline earth cation activity determination, AEC con- 
tract, 847 
Memoranda, FRC to the President, 614-621H, 667—668H 
Merchant Marine, Coast Guard regulatory functions, 947-948 
Merchant ships. (See Ships (nuclear).) 
Mesothorium. (See Radium 228.) 
Metabolism: 
adrenocortical steroids, radiation effects, AEC contract, 831 
blocks, irradiation effects in thyroid cancer, AEC contract, 813 
bone, AEC contract, 830, 847 
calcium/strontium, AEC contract, 822 
carbohydrate research, AEC contract, 832 
cellular, relation to radiation recovery, AEC contract, 845 
cholesterol research in atherosclerosis, AEC contract, 833 
corn, X-ray effects, AEC contract, 817 
dosimetry application to human studies, AEC contract, 829 
intermediary studies, AEC contract, 834 
iodine, marine invertebrates, AEC contract, 841 
lipid and lipoprotein research, AEC contract, 833 
lipids, radiation effects, AEC contract, 813 
neutron activation effects, AEC contract, 833 
nitrogen studies, AEC contract, 832 
nucleic acids, radiation effects, AEC contracts, 812, 821 
plants, radiation effects, AEC contract, 826, 829 
plutonium research, 833 
protein research, AEC contract, 832-833 
radioisotope inhalation research, AEC contract, 833 
radioisotope studies in animals, AEC contracts, 816, 835 
radioisotope studies in humans, AEC contract, 849 
rats, radio-induced alterations, AEC contract, 823 
salt and sulfur in irradiated adrenalectomized rats, AEC contract,*824 
selenium and sulfur in plants, AEC contract, 826 
strontium, AEC contract, 822 
toxic substances, 921 
X-ray versus hormone effects, AEC contract, 816 
Metals: 
binding capacities of tissues, AEC contract, 811, 845 
transfer in sea water, AEC contract, 839 
Meteorology: 
(See also Fallout.) 
Argonne National Laboratory studies, 843 
Brookhaven National Laboratory studies, 843 
debris study, AEC contract, 836, 837 
micrometeorology research, AEC contracts, 838-844 
NAS-NRC committee. 1059 
radioisotope research, AEC contract, 838, 839 
Weather Bureau research, AEC contracts, 836, 844 
Meteorology Research, Inc., stratospheric sampling, AEC contracts, 836, 837 
Methodology, 161H 
Methyl chloroform, occupational hazard, 1173 
Miami, University of: 
manganese sedimentation in the ocean, AEC contract, 841 
radioisotopes in sea water, AEC contract, 837 
Mice, 414, 834 
anemia, delineation of inborn, AEC contract, 826 
bone marrow transplant studies, AEC contract, 847 
cell turnover systems following irradiation, AEC contract, 830 
chronic exposure, 848, 639-640H 
congenital defect induction, AEC contract, 826 
embryos, radiation effects, AEC contract, 813 
epithelium, radiation effects, AEC contract, 848 
estrone 16-carbon 14 skeletal distribution, AEC contract, 814 
fetal radiosensitivity, 641H 
genetic effects of irradiation, 834, 1192, 631-633H 
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Mice—Continued 
influenza, radiation effects, AEC contract, 821 
lethality of chronic gamma irradiation, 211-214H 
leukemia, 1208-1209, 637H 
life span, radiation effects, 826, 1192, 215-218H, 633H, 639-640H 
mortality rate, 196H, 212-214H 
mutation rates, 242—243H, 630H 
ovarian tumors, 1209, 687H 
populations, radiation studies, AEC contracts, 825, 839 
radiation recovery and longevity, AEC contract, 826 
radio induced mutations, 631—632H 
radioresistance, acquired, 483 
radiosensitivity, 636H 
radium 226 toxicity, 459 
RBE values, 712H, 715H 
spermatogonia and oocyte, dose-rate effects, 633H 
strontium 90 toxicity, 459 
testicular tissue, radiation effects, AEC contract, 825 
Michelson, Irving: 
biography, 570H 
statement, 570-577H 
Michigan: 
fresh water midges, taxonomy studies, AEC contract, 839 
strontium 90 content in foods, 605—-613H 
workmen’s compensation laws, 982, 983, 984, 986, 987, 990, 991, 992, 1001, 
1003, 1007, 1015, 1023, 1031, 1043 
Michigan State University, plant uptake research, AEC contract, 821 
Michigan, University of: 
antigen localizing response, radiation effects, AEC contract, 821 
human genetics, AEC contract, 821 
iodine 131 effects on fetus, AEC contract, 821 
nucleic acid metabolism, radiation effects, AEC contract, 821 
planaria regeneration and psychology, radiation effects, AEC contract, 821 
rain scavenging of particulates from atmosphere, contract, 837 
resonance in radiation effects, AEC contract, 821 
Microcurie (uc.), definition, XVII, 1185, 817H 
Micrometeorology, AEC contracts, 838-844 
Micromicrocurie (uuc.), definition, XVII, 817H 
Microorganisms. (See Protist and specific microorganisms.) 
Microwave generator, radiation exposure in New York, 18H 
Midges, ecological studies, AEC contracts, 839, 842 
Military accidents, compared with fallout hazards, 71 
Military exposure. (See Exposure (occupational).) 
eee reactors. (See Aerospace nuclear propulsion and Nuclear reactors.) 
Milk: 
bacterial and coliform standards, 27 
barium 140 levels, 897 
cesium 137 emergency levels, 289-291, 1150 
contamination, emergency acceptable levels, 289-291 
decontamination, AEC contract, 811 
iodine 131 contamination, 289, 897, 1210 
iodine 131 emergency levels, 289-291, 1150 
monitoring, 870-872, 895-897, 1065, 1067 
PHS code, 26 
PHS recommendations, 602H 
radioisotopes concentration, 897, 383-384H, 390H 
strontium removal, 200, 821, 162H 
strontium 89 contamination, 897 
strontium 89 emergency levels, 289-291, 1150 
strontium 90 contamination, 607, 897, 1150, 1210, 1243, 311-313H, 525H, 
605-613H 
strontium 90 emergency levels, 289-291, 1150 
strontium 90 MPC, 935, 263H 
Windscale accident, 436 
Millicurie (me.), definition, X VII, 817H 
Mills. (See Uranium mills.) 
Minerals, plant accumulation, AEC contract, 823, 843 
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Mines Development, Inc., conditions in uranium mills, 370H 
Mining: 
(See also Uranium mining.) 
cancer among miners, 745-746, 636H 
Colorado regulations, 756H 
Department of Interior activities, 91H, 724—-760H 
Federal regulatory agencies, 631, 91H 
New Mexico regulations, 755H 
PHS activities, 192-197, 160H, 376H 
radon gas, 115, 174-175, 189-191, 193, 631, 1207, 353-363H 
radon gas regulation, 300, 754-756, 430-431H, 658—659H 
Utah regulations, 755-756H 
Minnesota: 
strontium 90 content in foods, 605-611H 
workmen’s compensation laws, 977, 982, 983, 984, 987, 990, 991, 992, 1001, 
1003, 1007, 1015, 1023, 1031, 1043, 1052 
Minnesota, University of: 
crop ecology studies, contract, 841 
physiochemical studies in photobiology, AEC contract, 822 
physiological sites of strontium/calcium discrimination, AEC contract, 821 
radioinduced mutations in oats and barley, AEC contract, 822 
radiostrontium removal from milk, AEC contract, 821 
Mississippi, workmen’s compensation laws, 977, 979, 982, 983, 984, 987, 990, 991, 
992, 1001, 1003, 1007, 1015, 1023, 1032, 1043, 1053, 1078 
Mississippi, University of, radiation effects on response to antiserum, AEC 
contract, 822 
Missouri, workmen’s compensation laws, 981, 982, 983, 984, 987, 988, 990, 993, 
1001, 1004, 1007, 1015, 1023, 1032, 1043, 1053, 1078-1079 
Missouri, University of, rust transfer from rye to wheat, AEC contract, 822 
Mitosis. (See Cells.) 
Model code. (See Regulations.) 
Models. (See Biological model.) 
Molecular biophysics. (See Biophysics.) 
Molybdenum, x-ray effects on rat viscera concentration, 811 
Monitoring, 657, 691, 707-710 
(See also Sampling.) 
AEC contracts, 837, 851, 852 
AEC site activities, 670-671, 682-683, 692-693, 695-696, 703-706, 728-729, 
731, 734, 744-749, 759-763, 765, 767-768, 771-772, 790-792, 852, 908-909 
aerial, 710, 837 
“Ash Can” project, AEC contract, 836 
atmosphere, 708-709, 728, 872 
breath for radioisotope content, 333-334 
controlled areas, 1144 
costs at ICPP, 771-772 
environmental radiation, 567-568, 691, 892-894 
food, 872, 577H 
Great Miami River, 778 
HEW programs, 870-871, 875-876, 885-912 
Idaho Chemical Processing Plant, ground water, 765 
instrumentation, 705-706, 760-763, 663H 
internal emitters, 317-337, 581-584, 691, 853 
milk, 870-872, 895-897, 1065, 1067 
Nevada Test Site, 908-909 
New York State requirements, 117 
nuclear merchant ships, 474, 957 
Oak Ridge, Tenn. (1949-1959), 657, 712 
personnel, 578-584, 587, 589, 656, 657, 703, 653H 
radiation surveillance network, 837, 885-887, 898-902, 910 
standards revision effects on isotopes industry, 804-809 
state programs, 866-867, 872, 678H 
tritium uptake, 788 
uranium mining, 192-197 
water, 709-710, 728, 765, 872 
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Monkeys: 
bone marrow perfusate and AET protective studies, AEC contract, 848 
brain irradiation, AEC contract, 831 
cesium biological half-life, 360, 370 
radium toxicity, 459 
rubidium biological half-life, 360 
sodium biological half-life, 360 
strontium 90 excretion curve, 358 
strontium 90 toxicity, 459 
Montana: 
mines, radon daughter concentration, 363H 
strontium 90 content in foods, 605-611H 
workmen’s compensation laws, 975, 982, 983, 984, 987, 988, 990, 991, 993, 
998, 1001, 1004, 1007, 1015, 1023, 1032, 1043, 1077-1079 
Montana State University: 
acute and chronic radiation effects on plants, AEC contract, 822 
radioinduced tumor morphogenesis, AEC contract, 822 
Montefiore Hospital: 
calcium/strontium metabolism in humans, 822 
chelating agents for elimination of strontium, AEC contract, 846 
strontium body distribution dynamics, AEC contract, 822 
Morgan, K. Z.: 
biography, 60—-61H 
participation in panel discussion, 60-84H, 233-254H 
‘Protection from lonizing Radiation’, 328 
statement, 250-316 
Morgan, Russell H.: 
biography, 258H, 292H 
participation in panel discussion, 292-326H 
‘Radiation Protection Standards’’, 63-69 
statement, 63-69, 258-268H 
Mormoniella, mutation rates, AEC contract, 825 
Mortaity. (See Death.) 
Motion picture films, dental x-ray practices, 502H 
Mount Washington Observatory, debris collection by cloud particles and pre- 
cipitation, AEC contract, 837 
Muller, H. J., 203 
Multiple exposures, 630H 
Municipalities: 
enforcement personnel, 862-864, 510-511H, 522H 
Federal and State Government cooperation, 514H, 516—-521H 
PHS assistance, 860-861, 601-602H 
regulatory codes, 509H, 522H 
responsibilities, 112-113, 116 
standards interest, 508—523H 
Mus musculus, population dynamies studies, AEC contract, 839 
Mutations. (See Genetics (mutagenesis) and Somatic effect.) 


N 


Naples Zoological Station, iodine metabolism by marine invertebrates, AEC 
contract, 841 
Narcotics, threshold limit values, 1153 
Nasal mucosa. (See Respiratory system.) 
NAS-NRC. (See National Academy of Sciences—National Research Council.) 
National Academy of Sciences, 157H: 
cataract radioinduction studies, 846, 1061 
chelating agents in medicine, ad hoe conference, AEC contract, 846 
Committee on Genetic Effects of Atomic Energy, 1192-1203, 1210, 230H 
Committee on Oceanography, AEC contract, 841 
Committee on Pathological Effects, report, 1204-1210 
FRC relationship, 113-114H, 443H 
gonad MPD recommendations, 210-211 
NBS cooperation, 965 
radiation effects study, 1191-1210 
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National Academy of Sciences—National Research Council: 
Atomic Bomb Casualty Commission, 1060 
“Biological Effects of Atomic Radiation,” 1059-1061, 1191-1203, 469H, 625H 
cosmic ray studies, 1061 
history and function, 1059 
radiobiology activities, 1059, 1061 
radiologists, radiation effects studies, 1061 
statement, 1059-1061 
National Advisory Committee: 
personnel, 862-863, 873-876 
protection program cost, 868-869 
research recommendations, 865-867 
National Bureau of Standards. (See Commerce, Department of; National Bureau 
of Standards.) 
National Committee on Radiation Protection and Measurements (NCRP), 64, 
479, 480, 928, 66-67H, 73—74H, 111-112H, 137-151H, 157H, 159H, 192H, 625H 
(For recommendations, see Marimum Permissible Concentration, and 
Maximum Permissible Dose.) 
AFC relationships, 146-147H 
AEC use of recommendations, 493, 508-517, 523-524, 531-532, 738-741, 
744-749, 1097, 458H 
aerospace nuclear safety recommendations, 155-167 
Agriculture Department, use of recommendations, 968 
ASA, functional comparison, 126-127H 
British equivalent organization, 84H 
compared with ASA in function, 126-127H 
conceptual basis of recommendations, 6 
contributions in the protection field, 106-107, 217-218, 226-227, 783-784 
DOD use of recommendations, 968 
emergency dose recommendations, 513 
epidemiology studies, 1109 
fallout suggestions, 70-74, 933, 46-47H, 69-70H 
FRC relationship, 59-60H, 113-114H, 443H, 538-539H, 689-690H, 697H 
German equivalent organization, 84H 
handbooks, 6, 77-79, 93, 107, 168, 206, 225, 292, 775-776, 931, 1098, 1101- 
1104, 736—-737H 
health physics membership, 566H 
history, 3, 93, 202-203, 222-225, 57H, 89-90H, 625H 
ICRP, agreements, 276 
internal irradiation studies, 1097-1098 
legal implications of recommendations, 262, 479 
medical use of radiation study, 168, 513, 1085, 337-338H 
membership, 223-224, 1098-1099, 692-693H, 697H 
methods of formulating recommendations, 78, 106-107, 153, 203, 82-83H, 
408-500H, 536-537H 
model code, 108-109, 877, 269-270H, 275H 
NBS relationship, 965, 58H, 691-693H, 697H 
New York State use of recommendations, 117-120 
organization, 58-59H, 690H 
population doses, ad hoc committee, 1085-1093, 221H, 227-229H, 231H 
primary, secondary, and tertiary standards, 250-258, 264, 307-316, 467-470 
RBE values, 272-273, 702H, 714-715H 
revisions of recommendations, 482, 488, 1102, 271-272H 
statement on tolerable dose concept, 647H 
States, assistance, 378H 
States use of recommendations, 115 
subcommittees, 107, 1099, 1101, 1109 
waste disposal recommendations, 271 
National Committee for a Sane Nuclear Policy, statement of representative, 
578-583H 
National Fire Protection Association, radiation safety handbooks, 737H 
National Industrial Council, 128H 
National Institutes of Health. (See Healih, Education, and Welfare, Department 
of; National Institutes of Health.) 
National Lead Co. of Ohio. (See Fernald Feed Material Production Center.) 
National Office of Vital Statistics, 160H 
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National Research Council. (See Armed Forces—National Research Council and 
National Academy of Sciences—National Research Council.) 
National Tuberculosis Association, assistance to States, 378H 
National Water Quality Network, 903-909 
Natural background radiation. (See Background radiation.) 
Nausea, radioinduction, 136H 
Nautilus. (See Submarines (nuclear).) 
Naval nuclear ships. (See Ships (nuclear).) 
Naval reactors. (See Ships (nuclear).) 
Navy (U.S.): 
Bureau of Ships regulations, 980-931, 160H 
Hydrographic Office, 948 
Naval Research Laboratory, 837, 737H 
Radiological Defense Laboratory, 463-481, 399-410H 
standards application, 474-478, 930-931, 160H 
waste disposal activities, 477-478 
NBS. (See Commerce, Department of; National Bureau of Standards.) 
NCRP. (See National Committee on Radiation Protection and Measurement.) 
Nebraska, workmen’s compensation laws, 982, 983, 984, 987, 990, 991, 993, 1001, 
1004, 1007, 1015, 1023, 1032, 1043 
Nebraska, University of: 
plant breeding, radiation quantitative effects, AEC contract, 822 
rat brain, irradiation effects, AEC contract, 822 
Neodymium 147—promethium 147 mixtures, ovary doses, 321 
Neoplasms. (See Tumors.) 
Nephritis, radiation pathogenesis, AEC contract, 814 
Nervous system: 
brain, fetal radiosensitivity, 641H 
brain, psychological effects of radiation, AEC contract, 822, 831 
brain wave correlates, radiation effects on conditioned behavior, AEC cone 
tract, 813 
electron microscopy of irradiated embryonic, AEC contract, 820 
embryonic radiation effects, AEC contract, 820, 823 
neuropathology of irradiated, AEC contract, 816 
radiation effects, 814, 815, 824, 825, 1208, 630—-631H 
tritiated tetanus toxin and toxoid action, AEC contract 823 
Neufeld, J., “On the Passage of Heavy Particles Through Tissue’’, 330 
Neurospora, gene relation to biochemical reactions, AEC contract, 831 
Neutrons: 
activation effects on absorption and metabolism, AEC contract, 833 
definition, 819H 
dosimetry, 318, 609-610, 852-853 
eve effects, 820, 1207, 641H 
fast, definition, 819H 
fast, RBE for dogs, 711-713H 
mode of ionization activity, 703H 
RBE determination, 705-713H 
RBE vs. energy in mice, 715H 
RBE vs. x-rays for cataract production, 641H 
slow, definition, 819H 
thermal, definition, 819H 
Nevada: 
biological sampling program, AEC contract, 817 
Nevada Test Site monitoring, 908-909 
workmen’s compensation laws, 982, 983, 984, 987, 988, 990, 991, 993, 999, 
1001, 1008, 1016, 1023, 1032, 1044 
Nevada, University of, agricultural aspects of fallout, AEC contract, 882 
New England Center Hospital: 
bone marrow research, AEC contract, 846 
in vivo radiation detector development, AEC contract, 850 
platelet physiopathology and substitute development, AEC contract, 847 
New England Deaconess Hospital: 
acute and chronic radiation injury, AEC contract, 823 
embryonic nerve tissue research, AEC contract, 823 
New Hampshire, workmen’s compensation laws, 981-984, 987-988, 990-991, 993, 
1001, 1004, 1008, 1016, 1023, 1027, 1032, 1044, 1077 
New Hampshire, University of, radio induced viability in bees, AEC contract, 823 
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New Jersey, workmen’s compensation laws, 981-984, 986-987, 990-991, 993, 
1001, 1004, 1008, 1011, 1016, 1019, 1023, 1037, 1044, 1053 
New Jersey State Department of Health, epidemology of radium dial painters, 
AKC contract, 823 
New Mexico: 
epidemiology of San Juan Basin, 380-383H, 388-389H 
mines, radon daughter concentration, 363H 
mining regulatory measures, 755H 
uranium mill conditions, 369H 
workmen’s compensation laws, 975, 982-985, 987-988, 990-991, 993, 999, 
1001, 1004, 1008, 1016, 1023, 1033, 1044 
New Mexico Highlands University, radio induced changes in vegetation, AEC 
contract, 841 
New Mexico, University of, liquid scintillator studies, AEC contract, 850 
New York City: 
health department, 485H 
male mortality rate, 1950, 195H 
New York Scientist’s Committee on Radiation Information, 1242-1243 
New York State: 
chronic exposure cases, 9, 18H 
cobalt 60 exposures, 18H 
dosimetry requirements, 117 
exposure records, 117 
Federal-State cooperation agreement, 121-123 
iridium 192 exposures, 18H 
letter to governor from John F. Floberg, 122 
monitoring requirements, 117 
occupational exposure, 8-9, 118-119, 121, 115H, 171-172H 
office of atomic development, 117-118, 121-123 
radioactive waste disposal, 115 
regulatory codes, 115-123, 170-173H, 482-483H, 494-496H 
strontium 90 content of foods, 605-611H 
strontium 90 overexposures, 18H 
thorium exposures, 18H 
workmen’s compensation laws, 975, 977, 981-988, 990-991, 993, 995, 1001, 
1004, 1008, 1016, 1023, 1027, 1033, 1044, 1053 
New York, State University of: 
calcifying mechanisms research, AEC contract, 823 
tritiated tetanus toxin and toxoid actions, AEC contract, 823 
X-ray effects on gelatin-treated animals, AEC contract, 823 
New York University: 
body trace element variability, AEC contract, 823 
environmental radiation measurement, AEC contract, 851 
metabolic alteration radioinduction, AEC contract, 823 
photoreactivation studies in vitro, AEC contract, 847 
Newell, R. R.: 
biography, 233H 
participation in panel discussion, 233-254H 
“Standards of Hygiene and the Proper Policies and Criteria in Radiation 
Protection,’’ 56-62 
statement, 56-62 
Nickel, X-ray effects on rat viscera concentration, AEC contract, 811 
Nickel carbonyl, carcinogenic properties, 1158, 1170 
Niobium 95 
fallout activity in soil, 799-815H 
ovary doses, 321 
Nitrogen, metabolism research, AEC contract, 832 
Noise, standards, 90-92 
Nonoccupational exposure. (See Exposure (nonoccupational).) 
Nonthreshold concept. (See Threshold concept.) 
North American Aviation, Inc., cost of protection activities, 137-149 
North Carolina, workmen’s compensation laws, 982-985, 987-988, 990-991, 993, 
999, 1001, 1004, 1008, 1016, 1024, 1033, 1044 
North Carolina State College, ecological studies of fresh-water algae, AEC 
contract, 841 
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North Carolina State College of Agriculture and Engineering: 
Habrobracon, radioisotope uptake effects, AEC contract, 824 
peanut radiation genetics and radioresistance, AEC contract, 824 
plant mineral composition, AEC contract, 823 
North Carolina, University of: 
ecological studies in Bogue Sound, AEC contract, 842 
genetic recombination research, AEC contract, 824 
North Dakota: 
strontium 90 content in foods, 605-611H 
workmen’s compensation laws, 975, 982-984, 986-987, 990-991, 993, 1001, 
1004, 1008, 1011, 1016, 1024, 1033, 1044, 1054 
North Texas State College, radioinduced changes in nerves, AEC contract, 824 
Northwestern State College, ecological studies of midges, AEC contract, 842 
Northwestern University, radiation genetics of Drosophila females, AEC con- 
tract, 824 
Northwestern University Medical School, metabolism in irradiated adrenalec- 
tomized rats, AEC contract, 824 
Notre Dame, University of: 
photoemission studies, AEC contract, 851 
radiation effects on living cells, AEC contract, 847 
NRDL. (See Navy (U.S.).) 
N.S. Savannah. (See Ships (nuclear).) 
Nuclear accidents: 
Coast Guard assistance, 942 
costs, 144-146, 148 
criticality at ICPP, October 1959, 766 
Navy standards, 474-475 
shielding standards, 591-592 
Windscale incident, 436 
Nuclear aerospace craft. (See Aerospace nuclear propulsion.) 
Nuclear energy. (See Atomic energy.) 
Nuclear explosions: 
(See also Weapons testing.) 
Cape Thompson, Alaska area research, AEC contract, 844 
carbon 14, 806H 
Nuclear fusion. (See Thermonuclear reactions.) 
Nuclear materials. (See Source materials and Special nuclear materials.) 
Nuclear propulsion. (See Aerospace nuclear propulsion, Ships (nuclear), and 
Submarines (nuclear).) 
Nuclear reactors: 
administrative procedure costs, 140-141 
Advisory Committee on Reactor Safety, 103-104, 947 
AEC responsibilities for military types, 607 
airborne contamination control costs, 139 
argon production 465-466 
Army power reactors, 614-616 
atmospheric contamination restrictions, 659H 
auxiliary power source in spacecraft, 159-163 
carbon 14 production, 465-466 
containment structures, 101, 147, 304-307, 546, 548-550 
Department of Defense activities, 468H 
design, 147, 569-575 
dose through a concrete wall, 592 
Dresden Nuclear Power Station, 326-329H 
exclusion area, 546-548, 553-568 
fast burst studies, 853 
fuel cycle costs, 143 
fuel element costs, 551-552, 593-603 
fuel element fabrication, 43, 173-175, 595, 171H 
fuel element fission product release, 654 
fuel element reprocessing, 304, 586-591, 698, 699, 717, 735, 754-774, 579- 
583H, 645H 
fuel element transportation, 599-601, 937 
hazards and safety studies at AEC sites, 852 
health physics costs, 140 
instrumentation costs, 140 
insurance, 96—104, 150 
maintenance costs, 141-143, 147 
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Nuclear reactors—Continued 
maritime, 609-610, 954-955 
military reactors, 474-478, 607-610, 616 
nuclear accident costs, 144-146, 148 
operation, 546-548, 550-551, 625-627, 735, 326-329H 
ORNL development activities, 698-699 
ORNL protection costs, 716 
PHS participation in safety programs, 160H 
plutonium fuel elements, 596-597, 735 
Population exposure contribution, 645H 
Power costs, radiation standards effects, 148-149 
radiation levels and exposures from fuels, 597-598 
regulation revision costs, 152-153, 546-568, 593-603 
research and development costs, 546-548, 549-550 
safety, 101, 146, 147, 304-307, 546, 548-550, 571-573, 929, 460H 
shielding, 139, 546-548, 551, 591-592, 604-610 
Shippingport reactor waste disposal, 626 
site selection, 101, 146, 571-573, 460H 
State interests, 112-116 
uranium fuel elements, 735 
waste disposal, 102, 139-140, 1060 
Windscale accident, 436 
Nuclear Science and Engineering Corp., fallout data study, AEC contract, 837 
Nuclear ships. (See Ships (nuclear).) 
Nuclear warfare: 
(See also Atomic bomb casualties.) 
casualty production, 1204 
Coast Guard defense, 942 
fallout, 1082 
enetic effects, 832-833, 1060, 1083, 1199 
CAE hearings on biological and environmental effects, 1070-1071, 1082- 
1083, 625H 
leukemia induction, 426-427, 1083, 1205 
military standards, 475-476, 487-488 
St. Louis Committee for Nuclear Information publication, 1243 
survival, 1083 
Nuclear weapons testing. (See Weapons testing.) 
Nucleic acids, 813, 834, 1203 
corn, X-ray effects, AEC contract, 817 
enzyme and protein synthesis, 817, 828, 1203 
enzymology research, AEC contract, 834 
metabolism, radiation effects, AEC contract, 821 
synthesis, AEC contract, 820, 830 
Nucleic acids (Desoxypentose-), radiation effects, AEC contract, 815 
Nucleic acids (Desoxyribo-) : 
deuterium incorporation and biological effects, AEC contract, 815 
inter- and intracellular transfer, AEC contract, 813 
metabolism in irradiated giant and normal cells, AEC contract, 812 
radiosensitivity, 631H 
Nucleic acid (Ribo-), role in plant cell ion accumulation, AEC contract, 818 
Nucleoproteins, biosynthesis and degradation factors, AEC contract, 817 
Nuclides, definition, XVII, 819H 
Nutrition: 
Interdepartmental Committee on Nutrition for National Defense, 837 
plankton studies, AEC contract, 841 
radioisotope research, AEC contract, 835 
radiosensitivity effects, 630H 
virus, AEC contract, 819 ° 


Oak Ridge Gaseous Diffusion Plant. (See Gaseous diffusion plants.) 

Oak Ridge Institute of Nuclear Studies, health p hysics fellowship program, 567H 
Oak Ridge National Laboratory: 

accidental exposures, 264 

activities, 698-700 

biophysics projects, 853 

cell protection studies, 849 

Chemical Processing Pilot Plant, 699 
contamination zone regulations, 719-723 
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Oak Ridge National Laboratory—Continued 
cost effect of changes in standards, 716-717, 804—809 
costs of radiation protection, fiscal year 1960, 715 
dosimetry studies, 853 
employee responsibilities, 719 
environmental research, 688-690, 702, 707-711, 844 
fast burst reactor studies, 853 
Fission Products Pilot Plant, 699 
fuel element processing 699, 717 
health physics activities, 688-689, 698, 701-706, 853 
Health Physics Division responsibilities, 719 
history, 698 
instrumentation studies, 853 
medical instrumentation studies, 853 
Metal Recovery Facility, 699 
occupational exposure, 265 
plant maintenance, 576-584 
plutonium production, 699 
radiobiology projects, 834, 853 
Radioisotopes Area, 699 
reactor development activities, 698, 853 
regulations, 567-568, 653-662, 698-723 
shielding projects, 853 
Solvent Column Laboratory, 699 
standards research, 834 
supervisor responsibilities, 702 
tissue damage studies, 853 
traveling lecture program, 834 
Unit Operation’s Laboratory, 699 
waste disposal activities, 654, 698, 700, 707, 716, 844, 853 
Oak Ridge, Tenn., environmental radioactivity (1949-1959), 712-714 
Oak Ridge Y-12 Plant, 653-662, 687-697 
Oats, radio-induced mutations, AEC contract, 822 
Occupancy factor, definition, 513 
Occupational diseases, workmen’s compensation, 987-995 
Occupational exposure. (See Exposure (occupational).) 
Occupational hazards. (See Hazards.) 
Oceanography: 
AEC research contracts, 837, 838, 839, 840 
NAS research, 841 
NAS-NRC research, 1059, 1061 
waste disposal studies, 843, 942, 950, 1061 
U.S. Navy Hydrographic Office, 948 
Office of Civil and Defense Mobilization: 
HEW relationship, 1071 
NBS relationship, 962 
Office of Education. (See Health, Education, and Welfare, Dept. of; Office of Edu- 
cation.) 
Office of Health and Safety. (See Atomic Energy Commission.) 
Office of Price Administration, 768-786H 
Ohio: 
agricultural experiment station, AEC contracts; 842 
Great Miami Kiver monitoring 778 
Ohio River ecology, AEC contract, 842 
workmen’s compensation laws, 981-984, 987-988, 990-991, 993, 1001, 1004, 
1008, 1016, 1019, 1024, 1033, 1045, 1054, 1078-1079 
Olkahoma: 
strontium-90 content of foods, 605-611H 
workmen’s compensation laws, 975, 982-984, 987-988, 990-991, 993, 1001, 
1004, 1009, 1016, 1024, 1033, 1045 
Oklahoma State University, glutathione and 2-aminoethanethiol studies, AEC 
contract, 824 
Operating criteria, definition, 622 
Operational clearance, definition, 469 
Oregon, workmen’s compensation laws, 975, 981-984, 987, 990-991, 993, 1001, 
1004, 1009, 1016, 1020, 1024, 1028, 1033, 1045, 1054, 1078 
Oregon State College, evolution acceleration in bees, AEC contract, 824 
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Oregon, University of: 
radiation effects on hamsters, AEC contract, 824 
radiation effects on synaptic activity, AEC contract, 824 
Organic Act of 1862, 967 
Organic chemistry. (See Chemistry.) 
Organizational relationship, XIV, 81-82, 59-60H, 113-114H, 441-470H, 507- 
523H, 538-541H, 689-690H, 697H 
(See also specific agencies and organizations.) 
Organs. (See also Critical organ and specific organs.) 
cancer and synergism, 1209 
dose definition, 819H 
dose, internal, 77, 326-329, 733, 659H 
iodine 131 burden at equilibrium, 366 
MPD for occupational workers, 259, 275, 296-297, 1104-1105, 1138-1140 
multiple radioisotope burdens, 659H 
Radiation Protection Guides, 112H, 618-620H, 654H, 662H 
Radioactivity Concentration Guides, 231, 654H 
radioisotope burden, 353, 355, 366, 747, 1116-1117, 1139-1140, 630H, 655H, 
659H, 819H 
radioisotope uptake by standard man, 286-287 
radiosensitivity, 631H, 660H 
shape effects on radioisotope burden, 655H 
synergistic effects, 280-281, 1209 
transplantation, AEC contract, 847 
Outline of Hearings, X-XV, 4-5H 
Ovaries. (See Gonads.) 
Oxygen ions, tissue stopping power, 331 
Oxygen tension, radiosensitivity effects, 630H 


- 


Pacific area, ecological] studies of marine fauna, AEC contract, 842 
Paducah Gaseous Diffusion Plant. (See Gaseous diffusion plants.) 
Paffenbarger, George: 
biography, 501H 
statement, 501-503H 
Pancytopenia. (See Cytopenia.) 
Paramecium. (See Protozoa.) 
Parasites, radiation effects, AEC contracts, 819, 829 
Parke, Davis & Co., hematopoietic organ regeneration, AEC contract, 847 
Parker, H. M.: 
biography, 7H 
participation in panel discussion, 60-84H, 233-254H, 418-439H, 471-500H 
statement, 1-13, 7-29H 
Partial body irradiation, acute lethal dose, 1205 
Particle accelerators, 918 
New York State exposures, 18H 
State regulations, 113 
Pavia, University of, human mutation rates and loads, AEC contract, 824 
Peacetime operations: 
need for definition, 541-542H 
radiation hazards, 572H 
Peanuts, radiation genetics and radioresistance, AEC contract, 824 
Pediatrics, radiodiagnosis, 436-438H 
Pelvimetries. (See Exposure (medical).) 
Pennsylvania, workmen’s compensation laws, 982-984, 987, 989-991, 993, 999, 
1001, 1004, 1009, 1017, 1024, 1034, 1045 
Pennsylvania, University of: 
Mormoniella mutation rates, AEC contract, 825 
radioinduced changes in capillaries and blood colloids, AEC contract, 825 
Peptides, energy transfer studies, AEC contract, 814 
Per-capita dose, definition, 819H 
Pergamon Press, ICRP publications, 1122-1123 
Perkin-Elmer Corp., blood cell seanner, AEC contract, 825 
Permissible dose. (See Maximum Permissible Dose.) 
Personnel. (See Atomic Energy workers, Exposure (occupational), and Training 
Programs.) 
Personnel records. (See Exposure records.) 
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Peter Bent Brigham Hospital, marrow, tissues, and organ transplantation, AEC 
contract, 847 
Peterson, Malcolm L.: 
biography, 583H 
statement, 583-587H 
Phage. (See Virus.) 
Pharmacology, AEC contracts, 827, 847 
Philadelphia General Hospital, X-ray effects on skin lipids, AEC contract, 825 
Phillips Petroleum Co., conditions in uranium mills, 371H 
Phospholipids. (See Lipids.) 
Phosphorus: 
leukemogenesis studies, 636H 
utilization by plants, AEC contract, 811 
Phosphorus-32: 
animal concentration, 1240-1241 
handbooks on waste disposal, 6 
toxicity and dietary factors, AEC contract, 829 
Phosphorylation, cells, AEC contract, 830 
Photochemical reactions, AEC contracts, 814, 816, 819, 822, 829, 834, 847 
Photoemission studies, AEC contract, 819, 851 
Photolysis, peptides, AEC contract, 814 
Photomultiplier tubes, AEC research contract, 850, 851 
Photoreactivation: 
enzymes, AEC contract, 816 
in vitro studies, AEC contract, 847 
Photosensitive devices, AEC research and development contract, 850 
Photosynthesis, AEC contracts, 822, 829, 834 
Physical biochemistry, projects at AEC sites, 853 
Physicians. (See Medical profession.) 
Physicis: 
modern physics influence in biological research, 29-31 
radiation research, AEC contracts, 834 
radiological, AEC contracts, 850-853 
Physiology: 
cells, AEC contract, 834 
mammalian research, AEC contract, 832 
plant research, AEC contract, 832, 834 
reproduction, AEC contract, 835 
Pitchblends, processing hazards, 797, 799 
Pituitary tumors, 637 
Pittsburgh, University of: 
aging of cells in tissue culture, AEC contract, 825 
Drosophila genetic potential, AEC contract, 825 
Ohio River ecological studies, AEC contract, 842 
radiation response of the immune mechanism, AEC contract, 825 
radioactive particle inhalation hazards, AEC contract, 825 
Planaria, radiation effects, AEC contract, 821 
Plankton. (See Ecology.) 
Plants: 
acute and chronic radiation effects on growth, AEC contract, 822 
agricultural aspects of fallout, AEC contract, 822 
brium, calcium, and strontium relationships, AEC contract, 826 
breeding, quantitative radiation effects, AEC contract, 822 
calcium level and placement effect on uptake, AEC contract, 820 
characterization, AEC contract, 842 
ecological studies, AEC contract, 839, 842 
fallout uptake, 822, 830, 526H 
fission products, foliar uptake, AEC contract, 830 
gamma ray-induced locus mutation, AEC contract, 817 
genetics research, 817, 824, 1203 
geotropic response, radiation effects, AEC contract, 817 
ion uptake and translocation, AEC contract, 821 
metabolism, AEC contracts, 826, 829 
mineral accumulation, AEC contracts, 823, 843 
phosphorus utilization, AEC contract, 811 
photosynthesis research, AEC contract, 834 
physiology research, AEC contracts, 832, 834 
radioactivity studies, AEC contract, 842 
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Plants—Continued 
radiosensitivity, AEC contract, 824, 830 
RNA role in cell ion concentration, AEC contract, 818 
sampling, AEC contract, 836 
selenium metabolism, AEC contract, 826 
strontium uptake, AEC contract, 813, 826 
sulfur metabolism, AEC contract, 826 
tomato seed and pollen, radiation effects, AEC contract, 825 
ee, 811, 813, 820, 821, 822, 826, 830, 832, 833, 843, 526H, 605- 
13 


USDA soil uptake research, 811 
viruses and normal proteins, AEC contract, 813 
waste disposal studies, AEC contract, 842 
Platelets: 
physiopathology and development of substitutes, AEC contract, 847 
production and destruction factors, AEC contract, 826 
Platyhelminthes, radiation effects on learning, AEC contract, 821 
Pluto Project, 164, 165, 618, 397-398H, 401H 
Plutonium: 
AEC control transfer to States, 669-686H 
AEC release for sale, 562H 
assimilation by SRP workers, 790 
deposition in Hanford workers (1953-59), 743 
environmental release regulations at SRP, 795 
fuel element use, 596-597, 735 
handling problems, 574, 575 
inhalation, 740, 835 
metabolism research, AEC contract, 833 
production and chemical processing, 698 
toxicity, 829, 637H 
uptake studies, 743, 833, 637H 
Plutonium 239 
non-homogeneity of deposition, 344 
radium 226 standard for bone seekers, 344, 437-441 
Pollen, X-ray effects, AEC contract, 825 
Polytechnic Institute of Brooklyn: 
alkaline earth cation activity determination, AEC contract, 847 
color-forming dosimeter research, AEC contract, 851 
Population exposure. (See Exposure (environmental).) 
Population genetics. (See Genetics.) 
Population studies, 814, 815, 816, 821, 825, 833, 839, 843, 1199-1202 
(See also the specific organisms.) 
Port security, 940-950 
Porter Brothers Corp., conditions in uranium mills, 371H 
Porterfield, John D.: 
biography, 153H 
statement, 153-158H 
Portsmouth Gaseous Diffusion Plant. (See Gaseous diffusion plants.) 
Post Office Department, shipping regulations, 91H, 149H 
Potassium 40: 
background radiation contribution, 11, 17-18H 
body dose from human red blood cells, 136H 
population exposure contribution, 646H 
soil activity, 801H, 811H 
Poultry Product Inspection Act, 967 
Praseodymium 144/Cerium 144 mixtures, ovary doses, 321 
Presbyterian Hospital (St. Luke’s), radioisotope mobilization from bone, AEC 
contract, 825, 835 
Precipitation, debris collection, AEC study contract, 837 
Pregnancy: 
occupational exposure regulations, 1150 
X-ray effects, 159H 
President (U.S.): 
Federal agency guidance, 442H, 528H, 667-668H 
FRC memoranda, 614-621H, 667-668H 
FRC recommendations approval, 622H 
HEW advisory responsibilities, 93H 
State radiation control view, 669H, 677H 
71535—61——_6 





70 RADIATION PROTECTION CRITERIA AND STANDARDS—INDEX 


Press releases: 
FRC chairman selected, 594H 
FRC establishment, 592-593H 
HEW radiological health program, 597-599H 
JCAE hearings announcement, 3-4H 
State regulatory functions, 592—593H 
strontium 90 content of wheat, 605-608H 
uranium mine inspections, 724-727H 

Pressure vessel code (ASME), 30 

Primary standards, 250-255, 259, 264, 307-308, 467-468 

(See also Maximum Permissible Dose.) 

Primates. (See Mammals and Monkeys.) 

Probability theory, 393 

Promethium 147/Neodymium 147 mixtures, ovary doses, 321 

Protection standards. (See Mazimum Permissible Concentration, Maximum 
Permissible Dose, Radiation Protection Guides, Radioactivity Concentration 

Guides, and Regulations.) 

Protective agents (chemical). (See Chelate compounds and Chemical protective 
agents.) 

Proteins: 

(See also Lipoproteins and Nucleoproteins.) 
biosynthesis and degradation, AEC contracts, 817, 820, 828, 830, 832-834 
genetics research, 1203 
plant normal protein and virus studies, AEC contract, 813 
Protist, 812, 818, 834, 1203 
(See also specific microorganism.) 
division blocks, recovery from radioinduced, AEC contract, 817 
radioisotope concentration, 272 
Protons: 
definition, 819H 
RBE determination, 705-713H 
tissue stopping power for, 331 
Protozoa: 
genetic research, AEC contracts, 812, 1203 
paramecium, AEC contracts, 818, 834 
Psychology: 
conditioned behavior, radiation effects, AEC contract, 813 
fetal irradiation effects, AEC contract, 829 
Planaria, radiation effects on learning, AEC contract, 821 
primates, radiation effects, AEC contract, 831 
rats, radiation effects, AEC contract, 822, 830 
Public education. (See Education and Information programs.) 
Publie health: 
(See also American Public Health Association and Health, Education, and 
Welfare, Department, of; Public Health Service.) 
conferences, 161H 
history of protective measures, 20-29, 31-34H 

Public Health Service: 

(See Health, Education, and Welfare, Department of; Public Health 
Service.) 

Public information, 54, 259, 480, 481, 487, 537, 540-545, 1239-1244, 24-26H, 
62H, 173H, 178-179H, 330H, 387H, 390-391H, 531-532H, 546-547H, 571- 
572H, 585-587H 

(See also Information programs.) 
AEC concepts, 540-545 
exposure reports, 485 
fallout data, 1081 
HEW responsibilities and practices, 1244, 601H, 602H, 604H 
NAS-NRC report, 469H 
social aspects of standards formulation, 1239-1244 

Public laws. (See Legislation.) 

Puerto Rico, workmen’s compensation laws, 981-984, 987, 989-991, 993, 1001, 
1069, 1017, 1020, 1024, 1028, 1034, 1045, 1055, 1078 

Pulmonary tree. (See Respiratory system.) 

Purdue Research Foundation, tomato response to X-rays, AEC. contract, 825 

Rabbits, radiation effects on eggs, AEC contract, 831 
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RAD: 
definition, X VIII, 1115, 23H, 626H, 700H, 820H 
relationship to REM, 401-402 
Radiation, definition of ionizing, 820H 
Radiation biology, 31-35 
AEC research contracts, 811-853 
HEW research programs, 878, 884-885 
ORNL activities, 834, 853 
Radiation chemistry, AEC contracts, 815, 833 
Radiation dose. (See Dose.) 
Radiation effects, definition, 820H 
(See specific effect such as Aging, Cancer, Leukemia, Somatic effects, ete. 
and specific organs and organisms.) 
Radiation prophylaxsis. (See Chelate compounds and Chemical protectivea agents.) 
Radiation Protection Guides (FRC recommendations), 120-125H, 650-654H, 
662H 
(For ICRP and NCRP recommendations, see Marimum Permissible 
Dose.) 
ankles, 122H, 618-620H, 662H 
appendages, 122H, 618-620H, 662H 
bone, 122H, 618-620H, 662H 
definition, 137H, 617H, 661H 
definition of peacetime operations, 541-542H 
eye lens, 122H, 618-620H, 662H 
feet, 122H, 618-620H, 662H 
forearms, 122H, 618H, 662H 
gonads, 122H, 618-620H, 662H 
hands, 122H, 618-620H, 662H 
head, 122H, 618-620H, 662H 
hematopoietic tissues, 122H, 618-620H, 662H 
occupational exposure, 122H, 618-620H, 651-652H, 662H 
organ doses, 654H 
peacetime application, 626H 
population exposure, 112H, 122H, 221-222H, 618-620H, 650-651H, 662H 
recommendations compared with regulations, 222 
similarity to NCRP-ICRP recommendations 619H 
skin, 122H, 618-620H, 662H 
thyroid, 122H, 618H 
trunk, 122H, 618H, 662H 
whole body exposure, 122H, 618-620H, 662H 
Radiation protection officer, 1144 
Radiation protection programs. (See specific agencies and organizations.) 
Radiation protection standards. (See Mazimum Permissible Concentration, 
Maximum Permissible Dose, Radiation Protection Guides, Radioactivity Concen- 
tration Guides, and Regulations.) 
Radiation sources: 
(See the specific sources and types of radiation.) 
fadiation Surveillance Network, 837, 885-887, 898-902, 910 
AEC-HEW agreements, 885-887 
air monitoring results, 900-902 
external gamma activity, 910 
PHS responsibility, 837, 899 
State participation, 872 
Radiation surveys. (See Monitoring and Sampling.) 
Radiation worker exposure. (See Exposure (oceupationa’).) 
Radiation zone: 
definition, 718 
delineation, 469 
ORNL regulations, 718-723 
Radio Corp. of America: 
high-gain cascaded image tubes, AEC contract, 851 
photomultiplier tube research, AEC contract, 851 
Radioactive waste. . (See Waste (radioactive) .) 
Radioactivity, definition, 820H 
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Radioactivity Concentration Guides (FRC recommendations), 655-6591, 
662-663H 
(See also Body burden and Maximum Permissible Concentration.) 

definition, 123H, 620H, 627H, 662H 

derivation, 654H 

FRC responsibilities, 654H 

uncertainties, 659H 
Radioautography, intestinal tissue examination, AEC contract, 812 
Radiodiagnosis. (See Exposure (medical).) 
Radioisotope power units. (See Systems for Nuclear Auxiliary Power.) 
Radioisotopes: 

(See also specific radioisotopes and Fission products) 

acute exposure versus chronic exposure, 231-232, 632H 

AEC control transfer to states, 669-686H 

AEC licensing, 505-506, 461-463H, 496-497H 

ASA standards in separation plants, 173-175 

Atomic Energy Act of 1954, 519 

auxiliary power source in spacecraft, 159-163 

average life, XVIII, 819H 

biological half-life, XVII, 921, 819H 

biota studies, AEC contract, 833, 841 

body burden, 1095-1120, 637-640H, 659H 

body distribution, 822, 1086, 1090, 655H 

Canadian handling requirements, 1186-1190 

critical organ burden, 324-327 

crop ecology studies, AEC contract, 841 

definition, S20H 

Department of Defense activities, 468H 

diet content, 932 

discharge to Columbia River, 744-749, 1240-1241 

dosimetry of internally deposited, 317-337, 850 

economics of industrial use, 296-299H 

effective half-life, XVII, 819H 

emergency acceptable levels for food and milk, 289-291, 1150 

environmental contamination, 402, 567-568, 658, 1205 

excretion equation, 334-336 

external exposure, 231-232, 892-894, 830, 918, 628-642H 

fallout activity in soil, 790-796, 813, 838, 1064, 526H, 798-816H 

Federal regulatory agency, 90H 

food contamination, 71-72, 74, 198-200, 289-291, 1210, 50H, 573H, 605-613H 

food web transport, 272, 968, 1210 

genetic effects, 824, 827, 1109 

geochemical studies in sea water, AEC contract, 837 

half-life, XVII, 818H 

handbooks on safe handling, 6 

hazards in use, 129H, 5625 

HEW comments, 1065-1066 

ICRP considerations, 1130 

ingestion, 561H 

internal exposure, 231-232, 317-337, 830, 850, 892-894, 918, 628-642H 

leukemogenesis, 635-636H 

licenses, 505-506, 461-463H, 496-497H 

lung and respiratory response, AEC contract, 830 

maximum permissible body burdens, 1095-1120 

metabolism studies, AEC contract, 835, 849 

meteorology research, AEC contracts, 838, 839 

milk content, 897, 383-384H, 390H 

monitoring at Paducah Gaseous Diffusion Plant, 683 

MPC in air, 474, 667, 668, 775-776, 1091, 1095-1120 

MPC basis, 316 

MPC for bone-seekers, 300, 437-441, 935, 1105 

MPC, daughter formation factors, 1112-1113 

MPC in food, 199-200, 289-291, 316, 386-387, 474, 932, 1091, 1107-1109, 

1114, 1150, 263H, 606H 

MPC for special groups, 1139-1140 

MPC in water, 53-54, 474, 1095-1120 

MPC. whole body, 517, 1105 
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Radioisotopes—Continued 
NAS-NRC Committee on Sanitary Engineering and Environr ‘nt, 1060 
NBS responsibilities, 963 
nutrition research, AEC contract, 835, 841 
occupational exposure, 229-231, 1095-1120, 1139, 1204 
oceanography research, AEC contract, 839, 843 
organ burden, 353, 355, 366, 747, 1116-1117, 1139-1140, 630H, 655H, 659H, 
819H 
ovary dose, 321 
pathological effects, 1204 
plankton nutrition and antibiosis studies, AEC contract, 841 
population exposure, 663H 
processing, 698-699, 804-809 
radium 226 standard for bone-seekers, 300, 343, 350, 382-388, 437-441, 457, 
459-460, 935, 1105 
RBE for bone-seekers, 230, 350, 437-441, 934-936, 639H 
regulations, 519, 149-150H, 461-463H, 494—496H, 669-686H 
removal from bone, AEC contract, 825, 835 
respiratory protection measures, 740-741 
shipping, 306, 943 
Shippingport reactor, 626 
spent fuel elements, 654 
SRP waste release regulations, 795-796 
standards developments, 252-258 
standards revision effects on isotope industry, 804-809 
toxicity, AEC contracts, 812, 820, 827, 829, 832, 833 
uptake, age effects on, 1090-1091, 631H 
uptake, agricultural aspects of fallout, AEC contract, 822 
uptake, aquatic organisms, AEC contract, 833, 840 
uptake, body distribution, 822, 1086, 1090 
uptake, bone studies, 440-441, 819, 830, 835, 630H 
uptake, critical organ concept, 204 
uptake, effects, 830, 638H 
uptake, gonadal, 1209-1210 
uptake, human, 192-197, 286-287, 849, 1065-1066, 1086, 1090-1091, 1209- 
1210, 663H 
uptake, inhalation research, AEC contracts, 825, 833, 835 
uptake, metabolism and response in animals, AEC contract, 816 
uptake by microorganisms, 272 
uptake by plants, 811, 813, 820, 821, 823, 826, 830, 832, 833, 843, 526H, 
605-613H 
uptake, standard man, 286-287 
uptake, uranium mine and mill workers, 192-197 
whole body exposure, 517, 1105, 1116-1117, 1139, 1140 
wound contamination, 330, 332 
Radiological health program. (See Health.) 
Radiological physics, AEC research contracts, 850-853 
Radiological Society of North America, 1096 
Radiologists: 
cancer incidence, 63, 201-204, 633H, 635H 
epidemiology studies, 1199 
exposure data, 201-204, 1060, 239-242H, 640H 
hand injury, 1205-1206 
International Congress of Radiology, 1146—1151,"625H 
leukemia incidence, 409, 426, 1127-1128, 178H 
life span, 207, 1128, 1205, 241-242H, 640H 
Radionuclides. (See Radioisotopes.) 
Radiosensitivity, 1208-1209, 630H 
acquired resistance, 483 
age factors, 813, 631H, 638H, 660H, 663H 
anemia effects, 630H 
biological variability, 630H 
bone, 631H 
children, 935-936, 631H, 642H, 650H, 660H, 663H 
development factors, 660H 
embryo, 630—-631H, 641H, 660H 
eye, 630H 
fetuses, 641H, 692H 
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Radiosensitivity—Continued 





Habrobracon genome number effects, AEC contract, 816 
hematopoietic tissue, 630—-631H 

indexes of measurement, 630-631H 
malnutrition effects, 630H 

mice, 636H 

nerve tissue, 631H 

organs, 631H, 660H 

oxygen tension reduction effects, 630H 
plants, AEC contracts, 824, 830 
radioisotope comparative pathology, 637H 
skin, tumor induction, 631H 

stress effects, 630H 


Radiotherapy. (See Exposure (medical).) 
Radium: 


(See also Luminous dials.) 
Advisory Committee on X-ray and Radium Protection, 84, 93, 735, 625H 
Atomic Energy Act, 519 
body burden determination, 299-300 
body dose from human skeleton, 136H 
body retention, 326, 356-357, 359, 362-363, 366, 1207 
bone uptake, effects, 1206 
epidemiological studies, AEC contract, 823 
human pathogenicity, 443-461, 820, 1204, 1206, 435H, 630H, 637-639H 
International X-ray and Radium Protection Commission, 1121 
low level concentration determination, AEC contract, 850 
MPC values (1945), 9H 
New York State exposures, 18H 
NBS responsibilities in protection, 965 
occupational exposure, 118-119, 121, 171H 
soil concentration, 234 
State radiation disease legislation, 1078 
submarine contamination from watches, 610-611 
therapeutic use, 436—-437H 
toxicity, 820, 637-639H 
uptake studies, 450-452, 1206 
waste shipment problems, 938-939 
water contamination, 268, 631, 911-912, 381-383H, 389H, 393-394H 


Radium 226, 573H 


Alpha particle RBE, 455 

Animas River water, 391H 

background radiation contributions, 11, 234, 17-18H 
biological half-life, 356-357, 359, 362-363, 366 
body burden, 299-300, 333-334, 340-343, 638-639H 
bone distribution, 440-441 

bone effects, 58, 339-340, 345, 446-453, 635-636H 
breath analysis for, 333-334 

clincially significant effect, 638-639H 

decay scheme, 345 

dose estimation difficulties, 344-345, 638H 

dose versus effect, 441, 459-461 

food content, 573H 

hazards, 4 

leukemogenesis, 636H 

long term effects, 438 


MPC standard for bone seekers, 300, 340-343, 348-350, 356-366, 382-388, 


437-441, 457, 459-461, 935, 1105 
occupational exposure, 437—441 

population exposure, 646H 

residual effects, 438 

retention formula, 366 

strontium 90 relative damage factor, 348-349 
toxicity, 459, 812 

uptake studies, 437-441 

water content standards, 53-54 
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Radium 228: 
breath analysis for, 333-334 
dosimetry, 820, 638H 
human uptake studies, 450-452 
ingestion with radium—226, 342 

Radium A?, (See Radon—daughters.) 

Radium B**, (See Radon—daughters.) 

Radium C**, (See Radon—daughters.) 

Radium dials. (See Luminous dials.) 

Radon: 

air contamination, 901—902, 26H 
background radiation contributions, 11, 17-18H 
cancer induction, 371, 1207, 636H 
daughters, 300, 322-323, 9H, 363H, 658-659H, 745H, 754H 
detection, 753-754H 
diffusion through semipermeable materials, AEC contract, 827 
luminous watch dials, 610-611 
lung exposure, 371, 1207, 636H, 646H 
mining hazards, 115, 174-175, 189-191, 193, 300, 631, 754-756, 1207, 353- 
363H, 430-431H, 658-659H 
MPC, 300, 322-323 371-372, 9H, 658-659H 
New York State exposures, 18H 
Radon 220. (See Thoron.) 
Radon 222: 
breath analysis for, 333-334 
MPC, 300, 322-323 

Railroads, radioactive material shipment, 149H 

Rain, particulate scavenging from atmosphere, AEC contract, 837 

Ramey, James T.: 

letter from PHS, 787-789H 
letter from Paul C. Tompkins, 128 

Ramjets. (See Aerospace nuclear propulsion.) 

Rare Metals Corp. of America, conditions in uranium mills, 371H 

Rats: 

adrenocortical tissue, radiation effects, AEC contract, 812 
bone marrow transplant studies, AEC contract, 847 

cesium, rubidium, and sodium, biological half-life, 360 
genetic, effects of radiation, AEC contract, 830 

mortality rate, 196H 

psychological effects of radiation, AEC contract, 822, 830 
radioinduced metabolic alterations, AEC contract, 823 

salt and sulfur metabolism in irradiated, AEC contract, 824 
visceral metal concentration, X-ray effects, AEC contract, 811 

RBE. (See Relative Biological Effectiveness.) 

RCG. (See Radioactivity Concentration Guide.) 

Reactor fuel elements. (See Nuclear reactors.) 

Reactor safety. (See Nuclear reactors.) 

Recommendations. (See Mazrimum Permissible Concentration, Maximum Per- 
missible Dose, Radiation Protection Guide, and Radioactivity Concentration 
Guides.) 

Records, 679H. (See also Exposure records.) 

Regeneration, radiation effects on planaria, AEC contract, 821 

Regulated zone: 

definition, 718 
ORNL rules, 720 
Regulations, 3, 47, 77, 78, 784, 933-934, 185-186H, 269-276H, 316H, 385-387H, 
390H, 413-414H, 428-430H, 441-500H 
(See also Legislation.) 
administration, 138, 140-141, 173H, 289-291H, 441-500H, 558-559H 
AEC application at research sites, 108, 498-809, 137-153H, 431-433H 
AEC delay in effecting 10 CFR Part 20 amendments, 551-552H 
AEC enforcement program, 1074 
AEC inspection program, 531-533, 461—464H, 557-558H 
AEC licenses, 505-506, 518-530, 147-148H, 461-463H, 496-497H, 512-513H, 
522H, 562H, 672H 
AEC Manual, 507-517, 732, 738, 775 
AEC statutory responsibilities in health and safety, 90H 
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aerospace activities, 472, 617, 395-398H 

AFL-CIO comments, 126-127, 561—-562H 

Air Force, 487, 488 

alpha emitters, 795-796 

American Public Health Association, 27 

atmospheric contamination, 84-85, 758, 1180-1181 

Canadian, 1182-1190 

cargo, 941-948, 950, 970-972 

10 CFR, 77, 78, 110-111, 520, 732, 919-920, 931, 953, 551-552H, 678-679H 

39 CFR, 738 

46 CFR, 941-950 

chemical toxicants, 1152-1181 

Civil Air, 970-972 

Coast Guard, 940-950, 91H, 149H 

code definition, 1180 

codes, need for uniform provision, 109, 270H 

compared with recommendations, 222 

contamination zones, 719-723 

control functions, 783, 802, 928-929 

controlled areas, 1143-1144 

cost in reactor operation, 139-149 

cost versus benefits, 304-305, 40-44H 

cost versus permissible limits, 136 

cost versus risk, 130 

costs of revision, 152-153, 546-571, 5 
675-678, 684-686, 696-697, 716-717, 

Department of Agriculture, 967, 91H 

Department of Defense, 919, 931, 934, 399-401H, 468H 

Department of Labor authority in mining, 631 

discussion, 933-934 

Dresden Nuclear Power Station, 326-329H 

drugs, 1240 

envorcement, 1-3, 67, 110, 404, 1074, 8H, 16H, 510-511H, 522H, 558H, 561H, 
602H, 604H, 669-686H 

envorcement personnel, 112-113, 862-864, 872, 1070, 1185, 671H, 681-—683H 

environmental monitoring at Oak Ridge, Tenn., 657 

FDA responsibilities, 603-604H 

Federal Aviation Agency functions, 970, 445H 

Federal-State agreement, 678H 

FRC guides as basis, 488-493H 

inspection, 461-463, 531-533, 461-464H, 510-511H, 557-558H 

interagency development, 1068 

interpretation, 779-780 

licenses, 96, 505-506, 518-530, 147-148H, 461-463H, 496-497H, 512-513H, 
522H, 562H, 672H 

maritime reactor design, 604—606 

Massachusetts, 79, 127-128H, 479H 

medical exposure codes, 425—427H 

military reactors, 474-478, 607-610, 616 

milk bacteria, 27 

mining in Colorado, 756H 

mining in New Mexico, 755H 

model code, 108-109, 877, 269-270H, 275H 

municipal codes, 509H, 522H 

Navy application, 474-478, 930-931 

NCRP-ICRP recommendations as basis, 928 

New York State codes, 115-123, 170-173H, 482-483H, 494-496H 

nuclear reactors, 546-568 

nuclear ships, 474, 947-948, 951-961 

nuclear submarines, 612, 930-931 

nuclear weapons, 619-620, 930 

Oak Ridge National Laboratory, 567-568, 653-662, 698-723 

occupational exposure, 741, 742, 61H, 65H, 70-71H 

OPA pricing standards, 768-786H 

personnel accumulated dose adjustment, 1137 

port security, 941-942 


—589, 593-603, 626-627, 659-661, 
52-753, 288H, 290H 


7 
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PHS functions, 445H, 602H 

public protest, 531-532H 

radioisotopes, 519, 149-150H, 461-463H, 494-496H, 669-686H 

radium dial industry, 115 

“red tape’? impediments, 316-318H, 322-323H 

revisions, 408, 551- 552, 593-603, 659-661, 675-678, 684-686, 696-697, 716- 
717, 752-753, 772-777, 804-809, 288H, 290H, 587-588H 

shipping, interstate codes, 566, 937-939, ‘91H, 149-150H, 602H 

shipping, radioactive materials, 940, 941, 943, 948, 952, 149-150H 

socioeconomic factors, 79-80, 128-130, 304-305, 924, 928, 40-44H, 89H, 257- 
333H, 323-325H, 537-538H 

State activities, 79, 93-94, 112-123, 402-403, 424, 127-128H, 170-173H, 
326H, 427H, 479H, 482—-483H, 494-496H, 669-686H 

Union Carbide Nuclear Co., 664-723 

uranium mining, 631-632, 102-104H, 361-363H, 755-756H 

vaccines, 1239-1240 

waste disposal, 623-624, 694-696, 103H 

waste release at SRP, 795-796 

workmen’s compensation, 1075 

X-ray machine codes, 424H, 425H 


Rehabilitation, workmen’s compensation laws, 981, 1049-1058 
Relative Biological Effectiveness, 295-296, 350, /00-719, 699-719H 


alpha particles, 455, 705-713H 

average dose, 272-273, 295-296 

beta radiation, 1115, 707-713H 

bone seekers, 437-441, 934-935 

chronic exposure uncertainties, 639H 

compared with neutron energy in mice, 715H 
cosmic rays, 705-713H 

critical organs, 325-326, 1107 

definition, X VIII, 346, 513, 627H, 671H, 700-702H, 820H 
determination, 252-258, 705-713H 

dose rate dependence, 301 

emergency exposure limits, 301 

energy curve, 704H 

environmental factors, 708H 

fast neutrons in dogs, 711-713H 

gamma rays, 1115, 705-713H 

genetic dose, 277-279 

ICRP considerations, 272-273, 702H, 714H 
iodine 131, 252-258 

life shortening values of radiation types, 640H 
linear energy transfer, 703-719H 

literature references, 715-719H 

maximum dose, 273 

NCRP consideration, 272-273, 702H, 714-715H 
neutrons, 705-715H 

neutrons versus X-rays for cataract production, 641H 
permissible dose rate, 1107 

plutonium 239, 437-441 

protons, 705-713 

radium 226, 230, 350, 437-441, 445, 934-936 
research, 833 

statement by V. P. Bond and J. L. Bateman, 699-719H 
strontium-90, 437-441, 934-936, 639H 
uncertainties in values, 346-347 

X-rays, 1115, 705-713H 


REM, 203, 671H 


definition, XVIII, 401, 1115, 1186, 23H, 820H 
relationship to RAD, 402 


REP, XVIII, 203, 820H 


Reports, FRC requirements for federal agencies, 664-668H 
Reproduction: 


Research and Marketing Act, 967 





hamsters, radiation effects, AEC contract, 824 
physiology research, AEC contract, 835 
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Respiratory systems: 
(See also Inhalation.) 
cancer induction by radon, 371, 1207, 636H 
protection requirements at Hanford, 740-741 
radiation effects on lungs, 817, 818, 1207 
radioactive particle hazards, AEC contract, 825 
radon exposure of lungs, 371, 1207, 626H, 646H 
radon-222 and radon daughter limits, 321-323 
response to inhaled isotopes, AEC contract, 830 
self-shielding problems in dosimetry, 318 
thorium deposition and retention by lungs, 374-375 
uranium dust effect, 748SH 
Restricted area, definition, 469 
Retention: 
(See also Biological half-life and Excretion.) 
equation, 359 
radium, 326, 356-357, 359, 362-363, 366, 1207 
strontium-85, 361, 365 
strontium-90, 366 
Reticulo-endothelial systems, response to X-rays, AEC contract, 828 
Rhode Island, workmen’s compensation laws, 981-984, 987, 989-991, 993, 1001, 
1004, 1009, 1011, 1017, 1020, 1024, 1028, 1034, 1037, 1045, 1055 
Rhodium-103. (See Ruthenium 108-rhodium 103 mixtures.) 
Rhodium-106. (See also Ruthenium 106-rhodium 106 mixtures.) 
Ribonucleic acids. (See Nucleic acids (ribo-).) 
Richland, Washington, environmental monitoring, 744-749 
(See also Hanford Atomic Products Operation.) 
— relation of infections to radiation injury, AEC contract, 820 
Risk: 


balanced against benefit, 59, 64-65, 412-413, 770-771, 261-262H, 444H, 


648-649H, 661H 


concept, 4-5, 77-78, 924-928, 9-10H, 14H, 16H, 228H, 231H, 234-235H, 


249H, 304H, 320H, 327-328H, 647H 
evaluation at low dose levels, 32 
occupational, 924-926 
populace, 412-413, 925-928 
Rivers: 
Animas River, 53-54, 911-912, 381-383H, 389H, 391H, 393-394H 
Clinch River, Tenn., 713-714 
Colorado River, 839 
Columbia River, 744-749, 1240-1241 
waste disposal, 195, 314 
Rochester, University of: 
health physics and instrumentation studies, AEC contract, 853 
individual response to radiation, AEC study contract, 847 
nerves, radiation effects, AEC contract, 825 
pharmacology of anti-irradiation drugs, AEC contract, 847 
radiation protection standards research, AEC contract, 834-835, 849 
skeletal metabolism dynamics studies, AEC contract, 847 
Rockefeller Foundation, 1059, 1147 
Rocket reactors. (See Aerospace nuclear propulsion.) 
Roentgen (r), definition, X VIII, 820H 
Roentgen Equivalent Man. (See REM.) 
Roentgen Equivalent Physical, XVIII, 203, 820H 
Rongelap Atoll, ecological survey, AEC contract, 844 
Ross, Donald M., statement, 155-167 
Roswell Park Memorial Institute. (See Health, Research, Inc.) 
Rover project, 165-166, 618, 398H, 401H 
RPG. (See Radiation Protection Guides.) 
Rubidium biological half-life, 360 
Russ, 8., ‘“X-ray and Radium Injuries—Prevention and Treatment,’’ 435H 
Rust, transfer from rye to wheat, AEC contract, 822 
Rutgers, The State University: 


barium, calcium, and strontium relationships in soil and vegetation, AEC 


contract, 826 
radiation effects on plant tissue, AEC contract, 826 
Ruthenium 103, fallout activity in soil, 792, 796, 799-815H 
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Ruthenium 103-rhodium 103 mixtures, ovary doses, 321 
Ruthenium 106, fallout activity in soil, 793, 796, 799-815H 
Ruthenium 106-rhodium 106 mixtures, ovary doses, 321 
Rye, transfer of rust to wheat, AEC contract, 822 


S 


Sachs, Miriam, ‘‘Need for Threshold Limits,’’ 1158-1162 
Safety factors. (See Standards.) 
Safety and Fire Protection Technical Bulletin No. 3, 737H 
Salts, metabolism in irradiated adrenalectomized rats, AEC contract, 824 
Samarium 151, ovary doses, 321 
Sampling: 
(See also Monitoring.) 

air, 836, 837, 839, 872, 353-363H 

animals, AEC contract, 836 

biological, 817, 872, 1065 

electrostatic, AEC development contract, 836 

environmental, 872 

fallout, AEC contract, 838 

food and milk, 872 

plants and soil, AEC contract, 836 

water, 872 
San Juan Basin, epidemiology studies, 380-383H, 388-389H 
Sandbank, Harold: 

biography, 507H 

statement, 507-523H 
Saragasso Sea plankton ecology studies, AEC contract, 838 
Sarcoma. (See Cancer.) 
Satellites, safety of radioisotope power units, 396-397H, 401-402H 
Savannah, Georgia, ecolo ‘ical studies, AEC contract, 840, 842 
Savannah (N.8S.). (See Ships (nuclear).) 
Savannah River Plant 

alpha emitter regulations, 795-796 

application of standards, 785-795 

cost of protection program, 793-794 

ecological studies, 842 

personnel exposure summary, 789-790 

philosophy in protection activities, 785-787 

Radiation Hazard Standards, 792 

Waste Release Standards, 793, 795-796 
Scheele, Leonard A., medical radiation practices report, 435H 
Schubert, J.: 

biography, 233H 

medical radiation practices statement, 434-439H 

participation in panel discussion, 233-254H, 418-439H 

‘‘Radiation—What It Is and How It Affects You,’’ 434H 

statement, 392-403 
Schwan, Charles F., Jr.: 

participation in panel discussion, 471-500H 

statement, 112-114 
Scientists’ Committee for Radiation Information, statement, 583-587H 
Scintillators, AEC research contracts, 850, 851 
Scripps Institute of Oceanography. (See California, University of.) 
Sea urchins, radiation effects on development, AEC contract, 840 
Sea water: 

geochemical studies of radioisotopes, AEC contract, 837 

heavy metal transfer in AEC study contract, 839 
Searing, H. R., statement on reactor hazards, 150 
Seawolf. (See Submarines (nuclear).) 
Secondary standards, 250-255, 264, 307-316, 468 

(See also Marimum Permissible Concentration.) 

Seeds, X-ray effects, AEC contract, 817, 825 
Selenium, metabolism in plants, AKC contract, 826 
Self-shielding, importance in internal dosimetry, 318 
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Selove, Walter: 
biography, 45H 
“Fallout and Radiation Standards,” 70-74 
participation in panel discussion, 60-84H, 471-500H 
statement, 70-74, 45-54H 
Shelters, fallout, 1070 
Shielding: 
AEC Laboratory projects, 853 
aerospace nuclear craft, 156-157, 617 
animal tissue attenuation, 318, 330-332 
costs, 139, 546-548, 551, 570-571, 585, 604-610 
fuel processing plants, 586-595 
maritime reactors, 604-610, 952-958 
nuclear accidents, 591-592 
plutonium handling, 574-575 
radioisotopes, 306 
SRP regulations, 792 
standards revision effect, 570-571, 804-809 
C. W. Shilling Auditory Research, Incorporated, radiation research, AEC 
tract, 826 
Shipping, 113, 937, 941-948, 149-150H, 560H 
ASA standards for radioactive materials, 173-175 
Coast Guard responsibilities, 940-950, 91H, 149H 
Dangerous Cargo Act, 941-948, 950 
Federal Aviation Agency responsibilities, 970-972 
fuel elements, 599-601, 937 
IAEA regulations, 939, 149H 
ICC regulation, 566, 937-939, 91H, 149-150H 
PHS responsibilities, 602H 
radioisotope containment and shielding, 306 
radium waste material, 938-939 
regulations, 566, 939, 940, 941, 943, 948, 950, 952, 91H, 149-150H 
Shippingport reactor, fission product release, 626 
Ships (nuclear) : 
AEC responsibility for safety, 947-948, 953-954 
Bureau of Ships activities, 930-931, 160H 
Department of Defense activities, 468H 
environmental radiation, 610-611, 953-954 
monitoring, 474, 957 
N.S. Savannah, 604-606, 947-948, 761-767H 
personnel exposure records, 957 
radiological safety, 947-948, 951-961, 160H, 762-767H 
reactors, 609-610, 954-955 
regulations, 947-948, 951-961 
shielding, 604-610, 952-958 
shipyard operations, 957 
waste disposal, 611-612, 958-961, 157H, 763-764H 
Shoe-fitting fluoroscopy, 115, 234-235, 135H, 439H 
Signs. (See Symbols.) 
Silica, occupational hazard, 1158-1159, 1173-1174 
Silt, iron and zine adsorption, AEC contract, 841 
Skeleton. (See Bone.) 
Skin: 
beta irradiation, AEC contract, 811, 833 
cancer, 63, 202-210H, 633H, 635H, 637H, 641H 
cosmic ray effects, AEC contract, 812 
dermatitis, 641H 
erythema, 201, 299, 135H, 641H 
fallout effects, 1207 
localized exposure, 641H 
MPD, 259, 275, 299, 516, 758, 1105, 1106, 1129-1130, 1138 
radiation effects, 204, 811, 812, 825, 833, 848, 1207, 629H, 641H 
Radiation Protection Guides, 122H, 618-620H, 662H 
tumors, 631H 
X-ray effects on lipids, AEC contract, 825 
X-ray therapy, 202H, 434H, 436H 
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SLAM (nuclear ramjet missile), 164-165, 397-398 
Sloan-Kettering Institute for Cancer Research: 
absorbed radiation and cavity ionization equivalence, AEC contract, 851 
biological effects of radiation, AEC contract, 826 
platelet production and destruction factors, AEC contract, 826 
Smithsonian Institution: 
marine organism studies in tropical Pacific, AEC contract, 842 
plant metabolism during development, AEC contract, 826 
Smog. (See Aerosols and Atmospheric contamination.) 
Smoking, contamination zone regulations, 720 
Smyth, Henry F., Jr., chemical toxicant threshold limits, 1152-1156, 1163 
SNAP. (See Systems for nuclear auxiliary power.) 
Snyder, W. S.: 
biography, 233H 
participation in panel discussion, 233-254H 
“On the Passage of Heavy Particles Through Tissue,’ 330 
“Range of Uncertainty of MPC Values,” 338-391 
Social factors. (See Socioeconomic factors.) 
Social Security Administration. (See Health, Education, and Welfare, Dept. of; 
Social Security Administration.) 
Society of Naval Architects and Marine Engineers: 
merchant marine safety, 947-948 
statement, 951-961 
Socioeconomic factors, XI-XII, 53, 59, 64-65, 79-80, 128-130, 304-305, 924-928, 
935-936, 1239-1244, 40-44H, 89H, 257-333H, 537-538H, 545-546H, 570H, 
587-588H 
(See also Costs.) 
administering agency responsibilities, 450H 
AEC view, 287-288H 
Atomic Industrial Forum seminar, 289-291H 
benefit versus risk, 59, 64-65, 135, 412-413, 770-771, 261-262H, 444H, 
648-649H, 661H 
criteria for judgments, 771 
decisions on acceptability of hazards, 323-324H 
Dresden Nuclear Power Station operation, 326-329H 
human safety importance, 300-302H 
municipal application of standards, 513H 
occupational exposure, 127-130 
panel discussion, 292-326H 
Sodium, biological half-life in animals, 360 
Sodium iodide crystals, AEC contract, 850 
Soils: 
AEC laboratory studies, 852 
agricultural aspects of fallout, AEC contract, 822 
barium, calcium, and strontium relationships, AEC contract, 826 
calcium level and placement effect on plant uptake, AEC contract, 820 
cerium activity from fallout, 794H, 796H, 800H 
cesium 137 activity from fallout, 791H, 796H, 798-816H 
characterization, AEC contract, 842 
chelating agents studies, AEC contract, 813 
decontamination, 813, 845, 968 
fallout contamination, 813, 838, 845, 1064, 526H, 790-816H 
gamma ray dose, 910, 17H, 18H, 136H, 801H, 810-811H, 815H, 816H 
monitoring at Goodyear Atomic Corp., 728 
radium concentration, 234 
plant/soil uptake studies, AEC contract, 811 
sampling, AEC contract, 836 
southeastern plant mineral composition, AEC contract, 823 
studies in forests, AEC contract, 842 
thorium activity, 234, 801, 811H 
uranium activity, 234, 801, 811H 
zirconium 95 activity, 799-815H 
Somatic dose. (See specific organs and tissues, and Exposure (environmental) 
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Somatic effects, 57, 60-61, 63, 228, 417-436, 470-474, 1204-1210, 179-183H, 
615-620H, 628-642H, 660H 
(See also specific effects such as Aging, Cancer, Leukemia, Tumors, etc.) 
aging, mutation theory, 423, 430, 194-202H, 640H 
= mutation theory, 423-431, 1199, 1209, 179-181H, 202-210H, 
637 
compared with genetic effects, 471 
definition, 820H 
delayed, 642H, 660H 
dose dependence, 405, 407, 421-423, 487, 631-642H 
embryonic development, 641H 
immediate, 629H, 642H, 660H 
low-level radiation, 432—436, 1109, 48H 
radiosensitive age span, 813, 631H, 638H, 660H, 663H 
soft tissues, 645-646H 
standards research, 404, 406-407 
threshold, 4-5, 421, 9-10H, 647H 
Somerville, Alexander: 
biography, 292H 
participation in panel discussion, 292-326H 
Source materials: 
AEC control transfer to States, 669-686H 
AEC licensing, 505-506 
definition, 519 
South Carolina, workmen’s compensation laws, 982-984, 987, 990-991, 993, 1001, 
1004, 1009, 1017, 1024, 1034, 1045 
South Carolina, University of: 
ecological studies of Savannah River fish, AEC contract, 842 
ecological study of shore plants of PAR reservoir, AEC contract, 842 
Plant radioactivity studies, AEC contract, 842 
South Dakota, workmen’s compensation laws, 982-984, 987, 989-991, 993, 999, 
1001, 1004, 1009, 1017, 1025, 1034, 1046 
South Dakota State College, plant metabolism of sulfur and selenium, AEC 
contract, 826 
Southern Illinois University, normal cell extract influence on radiation injury, 
AEC contract, 826 
Southern Research Institute, body retention of carbon—14, AEC contract, 827 
Soy beans, radiation effects in breeding, AEC contracts, 822 
Space vehicles. (See Aerospace nuclear propulsion.) 
Special groups. (See Exposure.) 
Special nuclear materials: 
AEC control, 505-506, 669-686H 
definition, 519, 683-684H 
shipping, 938 
Spinal cord. (See Nervous system.) 
Spinal column. (See Bone.) 
Spine, irradiation and leukemia, 57, 426 
Spores, asporogenic bacterial mutants, AEC contract, 827 
Spleen RBE versus neutron energy in mice, 715H 
St. Joseph’s Hospital, aging research, AEC contract, 814, 827. 
St. Louis, Missouri, baby tooth survey, 1241-1242 
St. Louis Committee for Nuclear Information, 1243 
St. Louis University, Dept. of Biology, Drosophila genetics research, AEC 
contract, 827 
St. Luke’s Presbyterian Hospital, radioisotope mobilization from bone, AEC 
contract, 825, 835 
St. Procopius College: 
ionization of gases, AEC contract, 851 
nuclear instrumentation, AEC contract, 851 
Staats, Elmer B. 
biography, 86H 
statement, 86—-107H 
Standard child. (See Human beings.) 
Standard clearance, definition, 468-469 
Standard man. (See Human beings.) 
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Standards: 

(For recommendations see Maximum Permissible Dose, Maximum Per- 
missile Concentration, Radiation Protection Guides, and Radioactivity 
Concentration Guides; For regulations see Regulations and the specific 
agencies and institutions; For pheripheral information see the for- 
mulating agencies (American Standards Association, Federal Radiation 
Council, International Commission on Radiological Protection, and 
National Committee on Radiation Protection and Measurements) and 
headings such as Biological concepts, Risk, Socioeconomic factors, 
Threshold concept, etc.) 

Starr, Dr. Chauncy, statement, 137-149 
State Department (U.S.), 443H 
State University of Chile. (See Chile, State University of.) 
State University of lowa. (See Jowa, State University of.) 
States: 
(See also specific states by name.) 
ACGIH-NCRP standards use, 115 
advisory bodies, 872 
AEC assistance, 860-861, 465-466H 
American College of Oral Roentgenology assistance, 378H 
American College of Radiology assistance, 378H 
cooperation with Federal and local governments, 78, 1072, 514H, 516-521H, 
669-686H 
Council of State Governments, 1076-1079, 378H, 676H 
criteria for radiation control, 552-559H, 669-686H 
exemptions from Federal requirements, 685-686H 
Federal Government relationships in atomic energy field, congressional 
hearings, 1072, 625H 
FRC cooperation, 478-480H 
FRC representation, 484H 
health officers association, 155H, 378H 
HEW assistance, 859-861, 868-872, 1068 
inspection, 872, 557—-558H, 561H, 681H 
legislation, 112, 870, 871, 1077-1079 
milling standard regulation, 632 
mining regulatory measures, 632, 754—756, 363H 
monitoring programs, 866-867, 872, 678H 
National Tuberculosis Association assistance, 378H 
NCRP assistance, 378H 
NCRP recommendations use, 115 
personnel, 112-113, 862-864, 872, 1070, 671H 
PHS assistance, 78, 859-861, 163—-165H, 378-386H, 601-602H 
Radiation Surveillance Network participation, 872 
radiological health activities, 856-857, 166-167H, 377-380H 
radon daughter concentrations in mines, 363H 
regulatory activities, 93-94, 113, 871-872, 127-128H, 460-467H, 478-480H, 
552-559H, 560H, 592-593H, 601H, 669-686H 
regulatory authority assumption from AEC, 93-94H, 150—-151H, 480H, 482H, 
552-559H, 669-686H 
regulatory codes, 79, 93, 112-123, 402-403, 424, 127-128H, 170-173H, 326H, 
427H, 479H, 482-483H, 494—-496H, 669-686H 
technical assistance, 860-861, 869-872 
waste disposal] activities, 113 
WHO assistance, 378H 
Workmen’s compensation laws, 973-1058, 1076-1079 
X-ray control, 870 
Statistics, 393, 242H 
Sterilization, radioinduced, 135H 
Stern, Arthur C., industrial health standards statement, 1176-1180 
Sterner, James H., threshold limits statement, 1164-1168 
Steroids, radiation effects on formation and metabolism, AEC contract, 831 
Sterols. (See Cholesterol.) 
Stockholm, University of, tritium studies in Europe, AEC contract, 837 
Stokinger, Herbert E., threshold limits statement, 1168-1170 
Storage of radioactive materials, 619-620, 941-942, 946, 560H, 679H 
Stratosphere. (See Atmosphere.) 
Streams, radioactivity in Oak Ridge, Tennessee area, 713 
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Strontium: 


age effects on strontium 90/calcium equilibrium ratio, 631H 
barium and calcium relationships in soil and vegetation, AEC contract, 826 
biological half-life, 366 

body distribution, 822, 1086, 1090, 655H 

bone uptake and pathogenicity, 6830H 

chelating agents for elimination, AEC contract, 846 
discrimination sites, AEC contract, 821. 

genetic dose, 1091 

human metabolism, AEC contract, 822 

human uptake, dietary calcium effects, 387, 935 

MPC, 935 

pathogenic effects, 637H 

plant uptake, AEC contract, 811, 813, 826 

removal from bone, AEC research contract, 845 

removal from milk, AEC contract, 200, 821, 162H 
Strontium Unit (SU), XVIII, 52-53H, 820H 





Strontium 85, retention, intravenous vs. oral dose, 361, 365 
Strontium 89: 


emergency acceptable levels, 289-291, 1150 
milk contamination, 897 
MPC application problems, 1064 


Strontium 90, XV, 572-573H: 


‘‘Ash Can” monitoring program, 836 

baby tooth survey, 1241-1242 

beta radiation, 457-458 

biological half-life, 366 

biological sampling, 1065 

body burden, 73, 383-386, 935 

bone marrow dose, 351, 644H 

bread content, 72 

calcium dietary effects on uptake, 387 

cheese content, 1210 

circulation in the biosphere, 159H 

constants for use in retention formula, 366 

demineralization in bone, AEC contract, 845 

decay scheme, 346 

deposition in human bone, 160H 

dietary effects on intake, 387, 1065, 605-611H, 631H 

emergency limits for food and milk, 289-291, 1150 

energy imparted to bone during decay, 346 

excretion curve for monkeys, 358 

fallout activity in soil, 798-806 

food contamination, 199, 1210, 525H, 573H, 605-613H 

gonadal dose, 1091 

gonadal uptake, 1209-1210 

hematopoietic tissue mean dose, 644H 

human integral dose, 812H 

ingestion during beagle growth period, AEC contract, 812 

leukemogenesis evidence, 635H 

milk contamination, 200, 289-291, 607, 821, 897, 1150, 1210, 1243, 162H, 
311-313H, 525H, 605-613H 

MPC application problems, 1064 

MPC derivation, 356-366, 382-388, 437-441, 457, 459-461, 1105 

MPC values for foods, 199-200, 289-291, 386, 387, 1150, 263H, 606H 

MPD, 383-387, 935 

New York state exposures, 18H 

occupational exposure, 73, 383-386, 70-72H 

population exposure, 1210, 72-73H, 573H, 605-613H 

radium 226 standard for bone seekers, 348-349, 383-384, 437-441, 459-461, 
935, 1105 

removal from milk, 200, 821, 162H 

research, 1244 

southeastern plant mineral composition, AEC contract, 823 

spent fuel elements, 645H 

SRP standards for release to environment, 795-796 

toxicity, 459, 637-639H 
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Strontium 90, X V—Continued 
uptake by animals and plants, 387, 1065, 605-611H, 613H, 631H 
VHA tracer studies, AEC contract, 836 
water contamination, 607H 
Subcellular systems, radiosensitivity index, 630-631H 
Submarine (nuclear): 
crew exposures, 931 
dosimetry, 609-611 
radon contamination from watches, 610-611 
reactor core life, 609 
regulations, 612, 930-931 
Seawolf, 609 
waste disposal, 612 
Sulphur: 
metabolism in irradiated adrenalectomized rats, AEC report, 824 
metabolism in plants, AEC contract, 826 
Sunshine program, 838 
Supersonic Low Altitude Missile (SLAM), 164-165, 397-398 
Supervisors, responsibilities, 702, 719 
Surfaces, contamination, 798-800 
Surveys. (See Monitoring and Sampling.) 
Susquehanna-Western, Inc., conditions in uranium mills, 371H 
Swine, genetic effects of radiation, AEC contract, 818 
Symbols: 
uniformity 678H 
warning labels and signs, 1187-1188 
zone control signs, 718 
Syndromes, tables, 629H 
Synergism, 280-281, 848, 857, 1201, 1209 
Syracuse University: 
asporogenic bacterial mutant production, AEC contract, 827 
enzymes, radiation effects, AEC contract, 827 
genetic effects of incorporated isotopes, AEC contract, 827 
renal endocrine system, radiation effects, AEC contract, 827 
Systems for Nuclear Auxiliary Power, 52, 396-397H, 401-402H 
nuclear reactors, 162-163 
radioisotope units, 159-162 
standards revision effects, 618 


Tables: 
(See also Graphs.) 
AEC contract, 810-853 
alpha-beta activity of water, 905-907 
background radiations, 17H 
cost of revision of ICC shipping regulations, 566 
costs of decontamination at ICPP, 770 
costs of monitoring at ICPP, 772 
costs of protection activities at Fernald FMPC, 778 
dose through concrete wall from a nuclear reaction, 592 
dose-effect relationships, 629H 
dose-rate through concrete walls from spent fuel, 589-591 
environmental radiation data sources, 892-894 
environmental radioactivity, Oak Ridge, Tenn. (1949-1959), 712-714 
fallout activity in soils, 809-811H 
film badge results at Hanford, 1959, 742-743 
iodine—131 content of air in Hanford area, 748 
leukemia mutation rates based on somatic mutation theory, 424 
MPC, 517 
MPD, 259, 275, 516 
neutron RBE versus energy in mice, 715H 
Nevada Test Site monitoring, 908-909 
New York state over exposure instances, 18H 
occupational exposure at ICPP (1959), 766 
occupational exposure at ORNL, 265 
ovary dose from fission products, 321 
particle concentration in air, Oak Ridge, Tenn., 712 
plutonium deposition in Hanford workers, 1953-1959, 743 
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Tables—Continued 
radiation levels and exposures from fissile fuels, 598 
Radiation Surveillance Network, 900-902, 910 
radioactivity discharged to Clinch River, Tenn. (1950-1959), 713-714 
radioactivity discharged to streams, Oak Ridge, Tenn., 713 
radioisotope organ burdens of Columbia River water users, 747 
respiratory protection at Hanford, 740 
shielding requirements during reactor fuel refabrication, 595 
strontium 85 retention, intravenous versus oral dose, 361, 365 
30-year per capita dose in U.S., 11, 18H 
weapons testing activities (1945-1958), 465 
whole body dose from weapons testing, 813H 
workmen’s compensation in death cases, 1038-1048 
workmen’s compensation for injuries, 973-1058 
workmen’s compensation laws for rehabilitation, 1049-1058 
workmen’s compensation, medical benefit limits, 996-1000 
workmen’s compensation numerical exemptions, 984-985 
workmen’s compensation, occupational disease, 987, 992-995 
workmen’s compensation for permanent partial disability, 1012-1020 
workmen’s compensation for permanent total disability, 1029-1037 
workmen’s compensation, physician selection, 1001—1002 
workmen’s compensation, subsequent injury coverage, 990 
workmen’s compensation for temporary total disability, 1003-1011 
workmen’s compensation, waivers, 991 

Taxonomy studies, fresh-water midges, AEC contract, 839 

Taylor, George H. R.: 
biography, 292H 
participation in panel discussion, 292-326H 

Taylor, Lauriston 8.: 
biography, 54H 
letter from Arthur S. Flemming, 690H 
participation in panel discussion, 60-84H, 233-254H 
statement, 221-225, 226-238, 239-249, 54-60H 

Taylor University: 
radon diffusion through semipermeable materials, AEC contract, 827 
X-ray effects on Drosophila longevity, AEC contract, 827 

Teeth: 

internal emitter effects, 637-640H 
strontium 90 analysis, 1241-1242 

Teletherapy. (See Exposure (medical).) 

Television: 
bone marrow dose, 11, 646H 
genetic dose, 11, 234, 74-76H, 477H, 646H 

Tennessee: 

(See also Gaseous diffusion plants, Oak Ridge Institute of Nuclear Studies, 
Oak Ridge National Laboratory and Oak Ridge Y-12 Plant.) 
Clinch River radioactivity concentration (1950-1959), 713-714 
Oak Ridge radioactivity data (1949-1959), 712 
workmen’s compensation laws, 982-984, 987, 989-991, 993, 999, 1001, 1004, 
1009, 1017, 1025, 1034, 1046, 1077 

Tennessee, University of: 
Aet and bone marrow protective studies, AEC contract, 848 
chromosomal effects of x-ray, AEC contract, 827 
cobalt 60 effects on infection and immunity, AEC contract, 828 
host,parasite relations, radiation effects, AEC contract, 829 
pharmacology and toxicity of yttrium, AEC contract, 827 
protection standards research, AEC contract, 835 
reticulo-endothelial system x-ray response, AEC contract, 828 
vegetation studies related to waste disposal, AEC contract, 842 

Terminology. (See Definitions.) 

Terrestrial radiation, 30-year exposure in U.S., 11, 18H 

Terrill, James G.: 
biography, 60H 
participation in panel discussion, 60-84H 

Tertiary standards, 250, 255-258, 264, 307-309, 468-470 

Testes. (See Gonads.) 

Tetanus, action of labeled toxin and toxoid, AEC contract, 823 

Tetrahymena pyriformis, dehydroganase activity, AEC contract, 812 
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Texas: 
regulatory codes, 79 
strontium 90 content in foods, 605-611H 
workmen’s compensation laws, 982-984, 987, 989-991, 993, 1000-1001, 1004, 
1010, 1017, 1025, 1028, 1034, 1046, 1055, 1078 
Texas A and M College, albino mouse radiation effects, AEC contract, 848 
Texas A and M Research Foundation, waste disposal at sea, AEC contract, 843 


Texas Technological College, lizard population radiation studies, AEC contract, 
843 


Texas, University of: 
algae radiation damage reversal, AEC contract, 828 
bacteria, radiation effects, AEC contract, 828 
vertebrates, developmental and genetic radiation effects, AEC contract, 843 
Texas, University of, M. D. Anderson Hospital and Tumor Institute 
genetic implications of protein and enzyme synthesis, AEC contract, 828 
genetic systems, radiation effects, AEC contract, 828 
radioinduced macromolecular component alterations, AEC contract, 828 
UV radiation damage in cell systems, AEC contract, 828 
Texas-Zine Minerals, conditions in uranium mills, 372H 
Therapeutic radiation. (See Exposure (medical).) 
Thermal precipitators, particle-collecting capabilities, AEC study contract, 837 
Thermonuclear reactions, ORNL activities, 698 
2-Thiopseudourea, 2(2-aminoethyl), AEC contract, 848 
Thorium: 
(See also Mesothorium.) 
AEC control transfer to states, 669-686H 
background contributions in Brazil and India, 268 
biological half-life in lungs, 375 
deposition and retention by lungs, 374-375 
determination of low-level concentrations, AEC contract, 850 
fuel element costs, 594-596 
human uptake studies, 450-452 
internal dosimetry techniques, AEC contract, 820 
leukemogenesis evidence, 635H 
luminous dial paint, 450-452 
MPC value derivation, 374-379 
New York State exposures, 18H 
pathogeneic effects, 637H 
soil activity, 234, 801, 811H 
uranium mill effluents, 195 
Thorium 228, breath analysis for, 333-334 
Thorium 232, biological half-life in bone, 376-377 
Thoron: 
air concentration, table, 901-902 
background radiation contributions, 11, 17-18H 
breath analysis for, 333-334 
Thorotrast, leukemogenesis studies, 636H 
Threshold concept, 4-5, 32, 204, 303, 395-397, 405, 411-412, 421, 917, 923, 1087, 
a ini 9-13H, 22H, 179H, 631-632H, 639H, 641H, 642H, 647-649H, 660- 
661F 
Thrombocytopenia. (See Cytopenia.) 
Thymus, neutron injury in mice, 715H 
Thyroid: 
age effects on carcinogenesis, 637H 
age effects on iodine/tissue equilibrium, 631H 
cancer in children, 1207, 635 
cancerogenesis, 813, 631H 
dose limits for gaseous waste at ICPP, 758 
iodine 131 burden, 253-254, 366 
iodine 131 studies, AEC contract, 818, 820, 830 
iodine 131 uptake, 289, 1090 
metabolic blocks following tumor irradiation, AEC contract, 813 
MPC, 290, 1105 
MPD, 259, 275, 1106-1107, 1129-1130 
radiation effects, 1207, 629H 
Radiation Protection Guides, 122H, 618H 
radiosensitivity in child, 631H 
therapy, 1207, 336H 
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Tiles (ceramic), radioactivity, 235 
Tissues: 
(See also specific tissues.) 
age factors on radioisotope equilibrium, 631H 
analysis, 333, 351 
antigen localizing response, radiation effects, AEC contract, 821 
cancerogenesis, 203H, 209H 
cultured cells, radiation effects, 825, 831, 1192, 1203 
D,O effects on normal and infected cultures cells, AEC contract, 831 
human, mutation rates, AEC contract, 819 
metal binding capacities, AEC research contract, 845 
physiology of damage, AEC contract, 833, 853 
plants, radiation effects, AEC contract, 826 
radiosensitivity index, 630H 
soft, population doses, 645-646H 
stopping power for particles, 318, 330—332 
transplantation, AEC contracts, 847, 848 
X-ray effects, 160H 
TNT, chemical toxicity, 1175-1176 
Toad, X-ray effects on development, AEC contract, 811 
Tobacco: 
mosaic virus mutation studies, AEC contract, 811 
mutagenic properties, 1197 
Tolerable dose concept. (See Threshold concept.) 
Toluene, threshold limit values, 1153 
Tomatoes, seed and pollen response to X-rays, AEC contract, 825 
Tompkins, Paul C.: 
biography, 399H 
letter to James T. Ramey, 128 
participation in panel discussions, 418—439H 
Statement, 399-410H 
Townsend, Oliver: 
biography, 471H 
participation in panel, discussion, 471—500H 
statement, 121-123 
Toxicity, 409, 1152-1181, 277-278H 
AEC research program, 534-539 
animal research, 1165-1166 
compared with radiation hazards, 45-46, 131-132, 184-191, 226-238, 267- 
269, 293, 393, 409-411, 485, 493-494, 781-782 
gamma ray research, AEC contract, 832 
human research, 1166 
inhalation of chemical substances, 1152-1156 
MAC, 1114, 1157-1158 
mesothorium, AEC contract, 820 
metabolic pathways, 921 
methyl! chloroform, 1173 
narcotics, threshold limit values, 1153 
neutron research, AEC contract, 832 
phosphorus 32, AEC research contract, 829 
plutonium, 829, 637H 
radioisotopes, AEC research contracts, 812, 820, 827, 829, 832, 833 
radium, 459, 812, 820, 637-639H 
strontium, 459, 637-639H 
thorium, 637-639H 
threshold limits, 1152-1181 
TNT, 1175-1176 
toluene, 1153 
tritiated tetanus toxin and toxoid, AEC contract, 823 
uranium, 372-373, 679, 1114, 748H 
X-ray research, AEC contract, 832 
yttrium, AEC research contract, 827 
Trace elements, 1111: 
body concentration variability, AEC contract, 823 
Trace Elements Corp., conditions in uranium mills, 372H 
Trachea. (See Respiratory system.) 
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Training programs: 
(See also Education.) 
AEC, 112-113, 1074, 560H, 671H 
health physics, 255, 257, 309, 567-568H, 671H 
HEW, 858, 873-876, 163-164H, 560H, 602-604H 
materials, 874-875 
municipal personnel, 862-864 
National Advisory Committee recommendations, 862-863 
New York industrial personnel, 117 
ORGDP, 673 
radiation safety in mines, 752H 
radiological health, 873-876 
State personnel, 112—113, 862-864, 1068, 1070, 671H 
State and territorial health officers recommendations, 863-864 
Union Carbide Nuclear Co., 655-658 
uranium worker personal hygiene, 195 
Transportation. (See Shipping.) 
Trees, ecology studies, AEC contracts, 839, 843 
Tritium: 
action of labeled tetanus toxin and toxoid, AEC contract, 823 
atmospheric, AEC research contract, 837, 839 
body burden estimates by breath analysis, 334 
European water, AEC contract, 837 
HEW comments, 1066 
maximum assimilation by SRP workers, 790 
New York State exposures, 18H 
SRP control activities, 788, 790, 795 
water content, 837, 843 
Trunk: 
MPD, 259, 1104-1105 
Radiation Protection Guides, 122H, 618-620H, 662H 
Tuberculosis. (See National Tuberculosis Association.) 
Tufts College, radiation effects on growth, AEC contract, $29. 
Tulane University, mammal population dynamics study, AEC contract, 843 
Tumors, 637H, 660H 
(See also the specific organs or tissues and Cancer and Somatic effects.) 
Cell growth and spread, beta, and X-ray effects, AEC contract, 821 
induction research, 425-426, 817, 822, 835 
radiosensitivity index, 630H 
threshold concept, 632H 
Turpentine, carbon 14 survey, AEC contract, 838 
Uleers, radioinduced, 135H 
Ultraviolet rays: 
cell effects, 814, 818, 820, 826, 828 
cellular lipid research, AEC contract, 816 
enzyme effects mechanisms, AEC contract, 813 
mitosis studies, AEC contract, 813 
mutagenic effects, 1197, 206—207H 
tumor induction, 425-426 
virus effects mechanisms, AEC contract, 813 
Uncontrolled area, definition, 953 
Unicellular organisms. (See Proéist and specific organisms.) 
Union Carbide Nuclear Co.: 
atomic energy activities, 653-654 
conditions in uranium mills, 372-373H 
Oak Ridge Gaseous Diffusion Plant, 663-678 
Oak Ridge National Laboratory, 698-723 
Oak Ridge Y!? Plant, 687-697 
Paducah Gaseous Diffusion Plant, 679-686 
radiation exposure summary (1959), 658 
regulations, 664-723 
training programs, 655-658 
Union University, X-ray effects on metal concentration in rats, 811 
Unions. (See AFL-CIO.) 
United Kingdom Atomic Energy Authority, 118 
United Nations Scientific Committee on Effects of Atomie Radiation, 434-435, 
1121-1122, 1147, 84H, 625H 





United States Radium Co., statement, 587—588H 
Universities: 
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(See also specific institutions by name.) 
AEC research contract, 810-853 
PHS training liaison, 874-876 
technical assistance to States, 860-861 


Unrestricted area, definition, 469 

UNSCEAR. (See United Nations Scientific Committee on the Effects of Atomic 
Radiation.) 

Uptake studies, 1065-1066 


(See also specific radioisotopes.) 
age effects, 1090-1091, 631H 
agricultural aspects of fallout, AEC contract, 822 
aquatic organisms, AEC contract, 833, 840 
body distribution, 822, 1086, 1090, 655H 
bone, 440-441, 819, 830, 835, 630H 
critical organ concept, 204 
food contamination, 71-72, 74, 198-200, 281-291, 1210, 50H, 573H, 605-613H 
human, 192-197, 286-287, 387, 450-452, 849, 935, 1065-1066, 1090-109). 
1209-1210, 638H, 663H 
inhalation research, AEC contracts, 825, 833, 835 
metabolism and response, 815 
microorganisms, 272 
PHS program, 1065-1066 
lants, 811, 813, 820, 821, 823, 826, 830, 832, 833, 843, 526H, 605-613H 
-lutonium, 743, 833, 637H 
radium, 450-452, 637H 
standard man, 286—287 
strontium, 387, 935, 637H 
thorium, 374-375, 637H 
uranium, 192-197, 654, 687, 790 


Uranium: 


AEC control transfer to states, 93-94H, 150-151H, 480H, 552-559H, 669- 
686H 

alpha activity, 654, 657, 683, 687, 724, 797 

casting hazards, 798-799 

ceramic tiles, 235 

decay products, 724 

feed eccncentrate processing hazards, 797 

gamma rays from decay, 654, 683, 687 

handling hazards, 679, 799 

history of formation, 742H 

ingestion, 724-725 

inhalation, 724-725, 733, 740, 748H 

isotope separation by gaseous diffusion, 724 

MAC in human body, 353H 

mining and milling operations hazards, 195, 630-652, 741, 743-753H 

MPC, 372-374, 667, 688, 775-776, 1114 

New York State exposures, 18H 

Oak Ridge Y—-12 Plant effluents, 689 

physical properties and sources, 742—743H 

reactor fuel elements, 735 

recovery, standards revision costs, 661, 678, 697 

refining, industrial hygiene, 43 

release to Great Miami River by Fernald FMPC, 778 

release to streams from ORGDP, 675 

soil activity, 234, 801, 811H 

surface contamination, 798 

toxicity, 372-373, 679, 1114, 748H 

uptake, 192-197, 654, 687, 790 

urine content at Goodyear Atomic Corp., 731 


Uranium 233, fuel element costs, 593-594 
Uranium 235, fuel element costs, 596 

Uranium 238, fabrication costs, 596 

Uranium fluorides (UF,), production hazards, 798 
Uranium fiuorides (UF,): 





manufacturing, 661, 678 
preparation, 724 
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Uranium mills: 
AEC activities, 630-652, 365-375H 
ASA standards, 173-175 
effluents, 195 
hazards, 192-197, 630-652, 743—753H 
hygiene, 43, 195-196 
locations, 367-375H 
occupational exposure, 235-236 
population exposure, 195, 911-912 
record maintenance, 196 
Walsh-Healey Act, 632 
working conditions, 367-375H 
Uranium mining: 
(See also Exposure (occupational).) 
AEC experience, 630-652 
alpha radiation hazards, 631 
ASA standards, 173-175, 187-191 
atmospheric contamination, 658-659H, 741H, 745—746H 
Bureau of Mines activities, 720-760H 
cancer among miners, 745-746, 636H 
hazards, 192-197, 630-631, 724-760H 
hygiene, 195-196 
omens exposure, 46, 192-197, 235-236, 26-27H, 353-360H, 385H, 
390 
PHS activities, 192-197, 160H, 376H 
radiation control, 192-197 
radon hazards, 115, 174-175, 189-193, 300, 321-323, 631, 754-756, 1207, 
353-363H, 430-431H, 658-659H 
record maintenance, 196 
regulations, 631-632, 102-104H, 361-362H, 755-756H 
survey, 361-365H 
working levels, 355-356H, 361H 
Uranium oxides: 
production hazards, 798 
toxicity, 748H 
Uranium Reduction Co., conditions in uranium mills, 374H 
Urine: 
analysis, 333-336, 674, 682, 688, 691, 705-706, 728, 731, 733, 788 
chelating agents for strontium elimination, AEC contract, 846 
radionuclide elimination, equation, 336 
.S. Air Force. (See Air Force (U.S.).) 
SS. Army. (See Army (U.S.).) 
.S. Atomic Energy Commission. (See Atomic Energy Commission.) 
U.S. Coast Guard. (See Coast Guard (U.S.).) 
.S. Department of Agriculture. (See Agriculture, Department of.) 
.S. Department of Commerce. (See Commerce, Department of.) 
.S. Department of Defense. (See Defense, Department of.) 
U.S. Department of Health, Education, and Welfare. (See Health, Education, 
and Welfare, Department of.) 
U.S. Department of the Interior. (See Interior, Department of.) 
U.S. Department of Labor. (See Labor, Department of.) 
U.S. Department of State. (See State Department (U.S.).) 
U.S. Maritime Administration. (See Maritime Administration.) 
U.S. Naval Radiological Defense Laboratory. (See Navy (U.S.).) 
U.S. Navy. (See Navy (U.S.).) 
Utah: 
mining regulatory measures, 755-756H 
survey of uranium mines, 361-363H 
workmen’s compensation laws, 982-984, 987, 989-991, 993, 1000-1001, 1004, 
1010, 1017, 1025, 1035, 1037, 1046, 1056 
Utah, University of: 
genetics of human congenital malformations, AEC contract, 829 
metabolic and photosynthetic, effects of radiation, AEC contract, 829 
plutonium and other radionuclide toxicity studies, AEC contract, 829 
radiation effects on plants, AEC contract, 829 
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V 
Vaccines, 1239-1240 
Vanadium Corp. of America, conditions in uranium mills, 374H 
Vander Weyden, A. J., statement, 287-291H 
Vanderbilt University: 
fetal irradiation and behavior development patterns, AEC contract, 829 
lipid and vitamin utilization in radiation injury, AEC contract, 829 
whole body counting application to human studies, AEC contract, 829 
Vapors, threshhold limits, 1152-1156 
Vegetation. (See Plants.) 
Vehicles. (See Contamination zone.) 
Vermont, workmen’s compensation laws, 982-984, 987, 989-991, 993, 1000-1001, 
1004, 1010, 1018, 1025, 1028, 1035, 1046 
Vertebrates: 
development, radiation effects, AEC contract, 811, 843 
epidemiology of the Colorado River Basin, AEC contract, 839 
genetics, radiation effects, AEC contract, 843 
Veterinary research, AEC contract, 833 
VHA tracer, AEC contract, 836 
Virginia, workmen’s compensation laws, 982-984, 987, 989-991, 993, 1000-1001, 
1004, 1010, 1018, 1025, 1035, 1046 
Virginia, Medical College of: 
aging and radiation effects on lens of eye, AEC contract, 829 
fetal blood cell and tissue homotransplantation, AEC contract, 848 
—- University of, Blandy Experimental Farm, 829 
irus: 
chemical research, AEC contract, 819 
genetics research, 811, 1203 
infection relation, to radiation injury, AEC contract, 820 
influenza in mice, radiation effects, AEC contract, 815 
latent phage conversion to virulent, AEC contract, 815 
nucleic acid synthesis, AEC contract, 830 
nutrition research, AEC contract, 819 
phage chromosome synthesis, AEC contract, 819 
plant viruses and normal plant proteins, AEC contract, 813 
UV light effect mechanisms, AEC contract, 813 
Viscera, X-ray effects on metal concentration in rats, 811 
Vital statistics, 160H, 572-573H 
Vitality: 
aging, 197-202H 
definition, 197H 
Vitamins, utilization in radiation injury, AEC contract, 829 
Vitro Uranium Company, conditions in uranium mills, 374-375H 


Ww 


Wabash College, ecological survey, AEC contract, 843 
Wake Forest College, Bowman Gray School of Medicine, phosphorus toxicity, 
AEC contract, 829 
Wallhausen, C. W., statement, 587-588H 
Walsh-Healey Act: 
AEC comment, 1076 
milling standards provision, 632 
mining standards provision, 631 
Warfare, chemical agent mutagenic properties, 1197 
’ (See also Atomic bomb casualties and Nuclear warfare.) 
Warning devices, 1145 
Warning labels and signs, 1187-1188 
Wartime criteria, 475-476, 487-488 
Warts, X-ray therapy, 434H, 436H 
Washington State, workmen’s compensation laws, 982-984, 986-987, 990-991, 
993, 1001, 1004, 1010, 1025, 1028, 1035, 1046, 1057 
Washington State University: 
fission products, foliar uptake, AEC contract, 830 
plant radiosensitivity, AEC contract, 830 





RADIATION PROTECTION CRITERIA AND STANDARDS—INDEX 93 


Washington, University of: 
biological effects of weapons, AEC eontract, 844 
bone radioisotope studies, AEC contract, 829 
cell turnover system in irradiated mice, AEC contract, 830 
erythropoietic mechanisms, AEC contract, 830 
lymphocyte research, AEC contract, 848 
nuclear explosion effects on marine environment, AEC contract, 844 
oceanography studies related to weapons tests, AEC contract, 838 
—— uses of weapons testing knowledge, AEC contract, 844 
tongelap ecological survey, AEC contract, 844 
Wasps: AEC research contracts, 812, 816, 824, 825 
Waste (radioactive), 102, 109, 235-236, 623-625, 735, 958, 401H, 579-583H 
AEC activities, 621-629, 838-844, 852-853, 103H 
airborne, 195, 267, 553-555, 684-685, 695, 756-758, 767-768 
Brookhaven National Laboratory, 556-559 
Coast Guard role, 942, 950 
containment, 101, 147, 304-307, 546, 548-550, 961, 645H 
costs of disposal, 566, 627, 661 
definition, 958 
disposal, 195, 310, 314, 559-566, 611-612, 621-629, 654, 675, 684-685, 695- 
696, 698, 700, 707, 716, 764, 838-844, 852-853, 942, 950, 958-961, 1061, 
157H, 465-466H, 763-764H 
environmental contamination, 501-502, 621-622, 628-629, 787 
fission products processing, 304, 754-755 
handbooks, 6 
Hanford Atomic Products Operation, 852 
Hyperion Treatment Plant, AEC contract, 839 
ICC shipping regulation, 937-939, 91H, 149-150H 
Idaho Chemical Processing Plant, 756-758, 764-768 
industrial hygiene, 43 
legislation, 950 
liquids, 556-559, 561, 675, 696, 756-758, 764-765, 960-961 
management, 622-633, 629 
MPC for radioisotopes, 628, 669 
NAS-NRC committees, 1059-1061 
Navy regulations, 477-478 
NCRP recommendations, 271 
New York State, 115 
NIH activities, 942 
nuclear reactors, 102, 139-140, 1060 
nuclear ships, disposal from, 611-612, 958-961, 157H, 763-764H 
nuclear submarines, 612 
Oak Ridge plants, 654, 675, 689, 694-696, 698, 700, 707, 716, 844, 853 
Paducah Gaseous Diffusion Plant, 684-685 
plant studies, AEC contract, 842 
public notification of disposal, 465—-466H 
radium, 938-939 
regulations, 477-478, 793, 795-796, 103H, 679H 
river and stream discharge, 195, 314, 675 
Savannah River Plant control, 791-796 
sea disposal, 843, 942, 950, 1961 
Shippingport power reactor, 626 
solids, 559-566, 696, 756-758 
state interests, 113 
tank storage, 961, 645H 
Watches, dose from luminous dials, 76H, 135H 
Water: 
(See also Ground water, Heavy water, and Sea water.) 
alpha-beta monitoring, 903-908 
average daily intake, 935 
Columbia, River, 744-749, 1240-1241 
contamination, 53-54, 268, 556-557, 631, 911-912, 1060, 155H, 381-383H, 
389H, 391H, 393-394H 
drinking regulations for contamination zones, 720 
monitoring, 709-710, 728, 872, 908-909 
MPC for radioisotopes, 53-54, 387, 474, 1095-1120 
National Water Quality Network, 903-909 
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Water—Continued 
Nevada Test Site monitoring, 908-909 
Oak Ridge Y-12 plant effluents, 689 
PHS activities, 903-909, 160H, 602H 
radium contamination, 53-54, 268, 631, 911-912, 381-383H, 389H, 391H, 
393-394H 
sampling programs, 872 
strontium 90 content, 607H 
strontium 90 MPC, 387 
tritium content, 837, 843 
Waterways, radioactivity control, 149H 
Wayne State University: 
lung and respiratory tract response to inhaled isotopes, 830 
prenatal X-ray effects on behavior development of rats, 830 
Weapons testing, 918, 49-52H, 400-401H, 661H 
AEC activities, 218-219 
civil effects program, 853 
ecological surveys, AEC contract, 844 
fallout, congressional hearings, 1064-1067, 1082-1083, 625H 
fallout dose, 484, 790-816H 
HEW comments, 1067 
meteorological study of debris, AEC contract, 836, 837 
oceanography research, AEC contract, 838 
offsite radiological safety, 157H 
peaceful uses of knowledge, AEC contract, 844 
PHS role, 1070 
regulations, 509, 930 
safety measures, 929, 930 
soil fallout activity, 813, 838, 845, 1064, 526H, 790-816H 
Soviet versus United Kingdom-United States activities (1945-1958), 465 
weapons development and storage, 619-620 
whole body dose, 813H 
Weather Bureau (U.S.). (See Commerce, Dept. of; Weather Bureau.) 
Weaver, Charles H., statement, 152-154 
Weber, Francis J.: 
biography, 158H 
participation in panel discussion, 292-326H, 417-439H 
statements, 14-42, 158-167H, 376-394H 
Weizmann Institute of Science, Israel, 843 
West Virginia, workmen’s compensation laws, 981, 982, 983, 984, 987, 990, 991, 
993, 1000, 1001, 1004, 1010, 1018, 1025, 1035, 1046 
Western Biological Laboratories, liver effects in radiation protection, AEC con- 
tract, 848 
Western, Forrest: 
biography, 410H 
participation in panel discussion, 418—-439H 
statement, 410-418H 
Western Nuclear Corporation, conditions in uranium mills, 375H 
Western Reserve University: 
iodine 131 thyroid irradiation, AEC contract, 830 
nucleic acid synthesis in bacteria and virus, AEC contract, 830 
radioisotope uptake studies, AEC contract, 830 
Westinghouse Electric Corp., high-gain image intensifier, AEC contract, 851 
Westwood, N.J., fallout data study, AEC contract, 837 
Wheat: 
products, 612-613H 
rust transfer from rye, AEC contract, 822 
strontium 90 content, 72, 525H, 605-613H 
Whitefish, decontamination, 1241 
WHO. (See World Health Organization.) 
Whole body counting, 317, 706, 829, 835 
Whole body exposure. (See Exposure (whole body).) 
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Williams, Charles R.: 
biography, 125-126H 
“Hygienic Standards in the Field of Occupational Health,” 83-95 
participation in panel discussion, 60—-84H, 292-326H, 471-500H 
“Radiation Protection Criteria and Standards: Their Basis and Use,’’ 75-82 
“Radiation Protection—Insurance and Industrial Relations Aspects,” 96-104 
statement, 75-104, 125-137H 
Windscale accident, 232-233, 289, 436 
Winn, Grant 8., report on Utah uranium mines, 361-363H 
Wisconsin, workmen’s compensation laws, 981, 982, 983, 984, 986, 987, 990, 991, 
993, 1001, 1004, 1010, 1018, 1025, 1035, 1047 
Wisconsin, University of: 
cumulative genetic effects of radiation on rats, AEC contract, 830 
Drosophila radiation effects extrapolation to man, AEC contract, 831 
mitochondrial function, AEC contract, 830 
plant accumulation of minerals, AEC contract, 843 
radiation effects on primate behavior, AEC contract, 831 
Wistar Institute of Anatomy and Biology, deuterium effects on tissue culture, 
AEC contract, 831 
Wolman, Abel: 
biography, 29H 
participation in panel discussion, 60—-84H, 292-326H 
statement, 29-35H 
Woods Hole Oceanographic Institution: 
coastal plankton population studies, AEC contract, 843 
radionuclide studies in the oceans, AEC contract, 843 
Worcester Foundation for Experimental Biology: 
effects of cobalt-60 irradiation on rabbit eggs, AEC contract, 831 
radiation effects on steroid formation and metabolism, AEC contract, 831 
Work capacity, dog, radiation effects, AEC contract, 812 
Workers. (See Atomic energy workers and Exposures (occupational).) 
Working limit: 
definition, 361H, 820H 
uranium mines, 355-356H 
Workload, definition, 513 
Workmen’s compensation laws. (See Legislation and the specific state or terri- 
tory.) 
World Health Organization, 84H 
Human heredity, radiation effects, 435 
ICRP relationship, 1124, 1147 
NBS relationship, 965 
States assistance, 378H 
Wounds, radioisotope contamination, 330, 332 
Wyoming: 
radon daughter concentration in mines, 363H 
workmen’s compensation laws, 975, 979, 982, 983, 984, 987, 990, 991, 993, 
1001, 1004, 1010, 1018, 1025, 1035, 1047, 1078 


xX 
X-rays: 
(See also Exposure (medical), Exposure (occupational), Radiologists, and 
specific organisms, organs, or tissues.) 
Advisory Committee on X-ray and Radium Protection, 84, 93, 735, 625H 
age and vulnerability to X-rays, AEC contract, 813, 631H, 637-638H, 660H, 
663H 

American College of Radiology, 1195, 157H, 161H, 342H, 378H, 502H 
American Roentgen Ray Society, 1096, 342-343H 
animals (gelatin-treated), effects, AEC contract, 823 
ASA safety code, 126H 
Atomic Energy Act, 519 
benefits versus injury, 135 
blood effects and antibody mechanisms, AEC contract, 820 
cancerogenesis, 201-204, 817, 434H, 631H, 635H, 641H 
cell effects, 816, 1207 
compared with hormone effects in metabolism, AEC contract, 816 
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X-rays—Continued 
connective tissue effects, 1206-1207 
corn research, AEC contracts, 817, 822 
dermatitis induction, 641H 
dose-effect correlation, 135H, 136H 
dosimetry, 318, 918, 321H 
Drosophila research, AEC contracts, 811, 827 
embryo effects, 159H 
embryonic hematopoietic tissue effects, AEC contract, 815 
eve effects, 1207, 641H 
gastrointestinal tracts effects, 811, 1-06-1207 
endocrine gland effects, AEC contract, 827 
erythema induction, 201, 299, 135H, 641H 
film sensitivity and specifications, 502H, 505-506H 
genetic effects, AEC contract, 827 
handbook, 6 
hazards, 3-4, 826, 1204, 485H 
high-intensity pulsed system development, AEC contract, 846 
injuries, prophylaxis, 826, 1204, 435H 
International X-ray and Radium Protection Commission, 1121 
ionization mechanisms, 703H 
leukemogenesis, 425-431, 1206, 636H 
machine improvements, 505-506H 
machine inspection, 113, 90H, 345-347H, 424-425H, 428-429H 
metabolic effects, AEC contract, 816 
mouse mutation, rate effects, 630H 
NBS responsibilities in protection, 963, 965 
nervous system, 813, 821, 822, 829, 830, 831 
New York State problems, 115, 18H 
PHS activities, 161H, 602H 
population exposure contribution, 168-172, 234, 269-271, 1143, 645-646H 
pregnancy effects, 159H 
prenatal exposure effects, 815, 817, 830, 159H 
psychological effects from brain irradiation, AEC contract, 813, 821, 822, 829, 
830, 831 
rat research, AEC contracts, 811, 822, 830 
regulations, 867, 870, 918, 424H, 494—-496H 
renal-endocrine system effects, AEC contract, 827 
reticulo-endothelial system effects, AEC contract, 828 
shoe fitting machines, 115, 234-235, 135H, 489H 
skin effects, 201, 299, 825, 135H, 631H, 635H, 641H 
Social Security Administration responsibilities, 604 
sources, 918 
standards, 6, 298-300, 918, 161H 
state legislation, 112, 870-871, 1077-1079 
television, 11, 234, 74-76H, 477H, 646H 
thyroid effects, 1207 
tissue effects, 160H 
toad effects, AEC contract, 811 
tomato pollen and seed response, AEC contract, 825 
toxicity research, AEC contract, 832 
tumor cell growth effects, AEC contract, 821 
X-ray workers. (See Exposure (occupational) and Radiologists.) 
Xenon, spent fuel elements, 645H 


Yale, Seymour: 
biography, 501H 
Statement, 501-507H 

Yale University: 
bacteria radiation effects, AEC contract, 831 
bone marrow transplantation research, AEC contract, 848 
cytogenetic effects of radiation, AEC contract, 831 
mamalian chromosomes radiation effects, AEC contract, 831 
Neurospora, biochemical reactions, AEC contract, 831 
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Yeast, UV light effects on cell leakage, AEC contract, 820 

Yerkes Laboratory of Primate Biology, Incorporated, radiation effects on pri- 
mates, AEC contract, 831 

Yttrium, toxicity and pharmacology, AEC contract, 827 

Yttrium 91, ovary doses, 321 . 


Zavon, Mitchell R., medical radiation practices survey, 437-438H 
Zine: 

adsorption by silt, AEC contract, 841 

X-ray effects on rat viscera concentration, AEC contract, 811 
Zinc 65, content in marine organisms, AEC research contract, 840 
Zirconium 95, fallout activity in soil, 799-815H 
Zirconium 95-Niobium 95 mixtures, ovary doses, 321 
Zone control signs, definition, 718 
Zone portal, definition, 718 
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